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A b s t r a c t 
The applications of Fischer carbene complexes for the 
synthesis of polysubstituted-l,4-quinones and allylsilanes were 
investigated. Part one of this thesis describes the benzannulation 
of some alkenyl Fischer carbene complexes with l-phenyl-2-
trimethylsilylacetylene to give silyl-quinones regioselectively and 
their subsequent regioselective iodinat ion and pal ladium-
catalyzed cross-coupling reactions to produce poly substituted-1,4-
quinones. Part two details the application of the [2+1] carbenoid 
insertion reaction of alkenyl Fischer carbene complexes with 
triorganosilanes to produce allylsilanes in neutral medium and at 
near ambient temperature. 
- Y 
'"s 
Par t 1: Synthesis of Po lysubs t i tu ted- l ,4 -Qu inones 
1 . 1 I n t r o d u c t i o n : 
The search for new synthetic approaches for the quinone 
functionality is a continuously growing area of investigation. 1 In 
fact, many polysubstituted quinones are incorporated in the 
structures of a variety of biologically natural products and some 
naturally occurring quinones^ are widely found in both plants and 
animals. However, the conventional synthetic approach to these 
highly substituted compounds involves the elaboration of the 
quinone precursors via electrophilic substitution and metalation-
alkylation reaction which may subject to regiochemical problems. 
Therefore the regiocontrolled synthesis of highly substituted 
aromatic systems present a great synthetic challenge which is best 
met by the application of annulation strategies that assemble the 
requisite aromatic unit in a single step with all (or most) 
substituents already in place. 
Moore and coworkers,3 for example, have reported that the 
(2-alkynylethenyl)ketenes of structural type 2 (Scheme 1)， 
which were obtained from thermolysis of the corresponding 
alkynylcyclobutenones 1, can give both five- and six- membered 
ring products 6 and 5 v i a the unique zwitterions 4 and 3 , 
respec t ive ly . Such ring closure pathway is influenced by the 
substituent R. Liebeskind's group^ have independently developed 
a general route to a wide variety of substituted quinones via the 
thermolysis of 4-hydroxy-4-v iny l (or aryl or heteroaryl) 
cyclobutenones 8 (Scheme 2) which were formed by the 
regioselective addition of an appropriate l i thium reagent to the 
1 
corresponding cyclobutenedione 7^, and subsequent oxidation of 
the resultant hydroquinones 9. 
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In addition, Danheiser^ has reported the regiocontrolled 
annulation approach to aromatic compounds based on the one-
step thermal combination of hetero-substituted alkynes with 
cyclobutenones via a cascade of four pericyclic reactions. Apart 
2 
Scheme 2 
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from these annulation methods, Liebeskind also uti l ized the 
maleoylcobalt complexes^ 11 in reacting with diverse classes of 
alkynes to afford the substituted benzoquinones 12 (eq. 1). 
pyr 
O OH P 
n Co n — 取 \\ N (eq-i) 
M e O ~ 8OOC/C2H4CI2 M e O ^ V ^ R . 
O OH I 
CI 
11 12 
Saa, on the other hand, reported the Fremy's salt^ promoted 
degradative oxidation of the /7-hydroxybenzyl alcohols^ 14 after 
regioselective metalation-alkylation to give the corresponding 
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13 (Z=OMe) 14 (Z=OH) 15 
In view of the intense studies for the synthesis of highly-
substituted quinones, we were curious as to whether the 
application of Fischer carbene complexes could be introduced as 
another important reagent in such kind of synthesis. Equation 2 
shows a novel reaction in the preparation of the polysubstituted 
quinones from which the main theme of the present work was 
derived. In essence, this is a cycloaddition (or benzannulation) of 
an alkyne to a chromium arylalkoxycarbene complex to give a 4-
methoxy-1 -naphthol chromium tricarbonyl complex 17 and this 




f T Y ^ O M e ^Bu,0,45°C • R J J Cr(C0)3 (叫.2) 
H ^ 2hr 
OMe 
17 (62 %) 
The naphthol chromium tricarbonyl complex 19 could be 
released from the metal by oxidation with various oxidants. 
Scheme 4 shows the use of eerie ammonium nitrate(CAN) in 
water or methanol to produce the quinone 2 0 or quinone 
monoacetal 21 , respectively.^ ^ Further development of the 
synthetic potential of this chemistry has been pursued by several 
4 
research groups, including Semmelhack's^^ and Yamashita's^^ as 
well as Dotz's^^ and Wulffs.^^ 
Scheme 4 
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There are several extremely attractive features in this 
reaction for synthetic application. Firstly, the reaction is highly 
regioselect ivel l ,16(total ly regioselective for terminal alkynes), 
l inking the alkyne carbon with the smaller substituent to the 
carbene carbon (eq. 3). 
OH 
a『(C0)5 Et - C5C_Me 




Secondly, electron rich alkynes wi l l react in a faster rate•口 
Besides, annulation reaction can take place with virtually any tc 
-system attached to a carbene carbon, including simple vinyl and 
a variety of heteroaromatic systems. Finally the reaction is highly 
chemoselectivellb,18 since the annulation of an arylalkoxy carbene 
complex with an enyne, only the alkyne function alone reacts 
leaving the alkene intact in such reaction. 
The m e c h a n i s m 19 of the benzannulation reaction can be 
pictured in the following diagram (Scheme 5). The dissociation 
of a carbon monoxide from the pentacarbonyl chromium complex 
16 creates a vacant site for the alkyne to coordinate. The 
sterically more bulky substituent on the alkyne would coordinate 
away from the more bulky phenyl substituent to form a 
chromocyclobutene 22 after cycloaddition. Electrocyclic ring 
opening of this intermediate results in a vinylcarbene complex 23 
which wi l l then undergo electrocyclic ring closure either before or 
after CO insertion via the intermediates 24 or 25, respectively 
and gives the cyclohexadienone complex 26. Such complex wi l l 
aromatize to give the isolated Cr-complexed 4-alkoxyphenol 27. 
Although the benzannulation of Fischer carbene complexes 
with alkynes has been demonstrated to be a facile and 
regioselective synthesis of polysubstituted-l,4-quinones^^ under 
neutral medium and at near ambient temperature, the 
substituents of alkynes has to be symmetrical or substantially 
different in size otherwise regioisomeric mixtures would 
f o r m . 11,15 Furthermore, highly functionalized and sterically bulky 
6 
alkynes may subject to difficulties in such process giving non-
quinoid products. 
Scheme 5 
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Since silyl-quinones 29 could be obtained from silyl-alkynes 
via the benzannulation with the Fischer carbene complexes, they 
could serve as precursors for haloquinones 30 which could act as 
the electrophilic coupling partner in transition metal catalyzed 
cross-coupling reaction of Stille's type20 with organostannanes or 
of Suzuki's type2l with organoboronic acids to yield poly-
substituted quinones 31 (Scheme 6). 
Scheme 6 
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1 .2 Results and Discussion: 
We have chosen several alkenyl carbene complexes 32a-
c22-24(Table 1) to react with l-phenyl-2-trimethylsilylacetylene 
33 and, in fact, we have attempted to study the annulation of the 
aryl carbene complex with the same silyl-alkyne 33. However, 
complex reaction products were obtained after oxidative work-up 
with eerie ammonium nitrate (CAN). Therefore our reactions wi l l 
be concentrated on the more reactive alkenyl carbene complexes 
which gave clean benzannulated products. The choice of the silyl-
alkyne 33 is tried to investigate whether the phenyl group is 
sterically bulky enough to control the regiochemistry (i.e. only one 
regioisomer is obtained) and to understand whether the phenyl 
group wi l l affect the cross-coupling reaction.25 Apart from the 
silyl-alkyne 33，we have tried to study the annulation reaction of 
the alkenyl carbene complex 32a with the tin analog. However, 
destannylation occurred readily during the course of the reaction. 
Therefore our reactions wi l l be confined to the silyl-alkyne 33. 
The results showed that all the alkenyl carbene complexes 
32a-c did react smoothly wi th l -phenyl -2-( t r imethyls i ly l ) -
acetylene 33 to give the silyl-quinones 34a-c after oxidative 
work-up with CAN. No other regioisomer was detected by ^H NMR 
spectroscopy. The formation of silyl-quinones 34a-c can be 
confirmed by the ^H NMR, IR and mass spectra. 
9 
Table 1: Synthesis of silyl-quinones 34a-c and iodoquinones 35a-c 
H M o 1 . P h = T M S 3 3 9 
( C O ) s C r = < H THF. 45-60。C P h 
i > = < 2 (19-38hr) ( J F 






Complex r 1 F? % yield of % yield of 
34a-c 35a-c 
32a "0(CH2)3- 66 70 
32b H Me 70 80 
32c H Ph 60 60 
In the 1h NMR spectra, silyl-quinone 34a-c, respectively 
have got the chemical shift value at 5 -0.11, -0.12, -0.07 ppm with 
which they all indicate the presence of the trimethylsilyl group. 
Furthermore, the appearance of 5 6.64 and 6.90 ppm in silyl-
quinone 34b and 34c, respectively confirm the olefinic proton 
resonance in the annulation products. In addition, the enone 
functionalities were supported by the wavenumber in the range 
of 1659-1632 c i r f l among these silyl-quinones. 
The regiochemistry of this reaction can be elucidated by the 
following reactions. Upon fp^o-desilylation with trifluoroacetic 
acid (TFA) in refluxing dichloromethane (Scheme 7)，the silyl-
10 
quinone 34a was converted into the quinone 36 which was also 
independently obtained from the benzannulation reaction of 
phenylacetylene with carbene complex 32a. Since the products 
from both routes are identical in their 1 h and " c NMR (broad-
band and gated-decoupled) spectra and the regiochemistry of the 
reaction of carbene complex 32a with phenylacetylene has been 
wel l established, 11 the structure of the silyl-quinone 34a and so 
as the others (34b and 3 4 c ) are established as shown in the 
diagram (Table 1). 
Scheme 7 
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The cross-coupling partners, iodoquinones 35a-c were 
successfully prepared via ipso-iodin^ition of the silyl-quinones 
34a-c by ICl26 (Table 1). The successful synthesis of all of these 
iodoquinones can be confirmed by the disappearance of the 
tr imethylsi ly l group as indicated in the ^H NMR spectra. 
Furthermore, the chemical shifts of the olefinic proton resonance 
in the iodoquinones 35b and 35c, respectively are down-field 
shifted; 6.64 to 6.78, 6.90 to 7.08 ppm, in a manner which is 
consistent with the replacement of electron-donating TMS group 
by the electron-withdrawing iodide atom. 
It is worthwhile mentioning that iodoquinones 35a-c could 
not be synthesized from direct benzannulation of the alkenyl 
carbene complexes w i th l - iodo-2-phenylacety lene 37 as a 
complex reaction mixture formed (eq. 4). Hence such tandem 
annulation and /p^o-iodination reaction is an unique entry to 
these iodoquinones. 
:r(C0)5 
I ^^^Y^ '^OMe . —— Complex reaction (eq. 4) 
J 丨 ~ — — P n “ mixture 
32a 37 
Iodoquinones 35a-c were then allowed to undergo Stille's 
cross-coupl ing r e a c t i o n ^ O wi th alkynyl, alkenyl and al ly l 
tributylstannanes in order to achieve the highly-substituted 
quinones (Table 2). 
12 
Table 2: Palladium catalysed cross coupling -reaction of 
iodoquinones with organostannanes. 
o o OH 
s ' r ^ J l W d 
70-90 "C, 1 0 • 仙 • + 
o O OH 
35a-c 38 39 
% y i e l d % yield 
entry r1 R^ iodoquinone R of 38 of 39 
1 "0(CH2)3- 35a ~ 三 ~ T M S a:65 
2 35a ~ = ~ P h b:92 
3 35a ~ = ~ B u c:50 
4 35a d:60 
5 35a e:66 
6 H Me 35b ~ 二 Ph f :62 
7 35b = ~ B u g:64 
8 35b h:32 a:28 
9 H Ph 35c ~ I Z ： Ph i :30 b:40 
10 35c ~ 三 ~ B u j:19 b:70 
11 35c k :21 b:61 
12 35c Ph 1:86 
For the more electron rich iodoquinone 35a, the coupling 
reactions proceeded smoothly and the phenyl group did not seem 
to affect the coupling reactions. On the other hand, for the less 
electron rich iodoquinone 35b and 35c, a noticeable amount of 
reduction products (p-hydroxyiodophenols 39a or 39b) ( T a b l e 
13 
2) were also obtained together with the coupling products (entry 
8-11). However, for the iodoquinone 3 5 b , i t has a greater 
tolerance for reduction as shown in entry 6 and 7 where no 
reduction products were obtained. Compared with entry 9 and 
10, iodoquinone 35c, on the contrary, would subject to reduction 
when it reacted with the same organostannanes. The ratio or 
yield of the reduction products did not depend on the amount of 
organotin reagent used and the ratio of the reduction and coupling 
products were not affected even in the presence of copper(I) 
iodide as the c o c a t a l y s t . 2 7 Fortunately, all the iodoquinones 35b 
and 35c could be recovered from the p-hydroxyiodophenols 39a 
or 39b simply by oxidation with Pb02 in dichloromethane at room 
temperature for an hour. In contrast, wi th the use of 
phenyltributyltin (entry 12), even the electron poor iodoquinone 
35c could undergo coupling reaction with very high efficiency and 
without reduction of the iodoquinone 35c. 
Although the iodoquinones 35b and 35c could act as a 
carbocation equivalent in the Stille's cross-coupling reaction, the 
corresponding /?-hydroxyiodophenols 39a or 39b would impede 
the coupling reaction since the presence of the hydroxy 
functionalit ies would decrease the electrophi l ic i ty of these 
compounds. Hence, w i th the format ion of the p -
hydroxyiodophenols 39a or 39b during the coupling reaction, the 
yield of the coupling products would be generally low (entry 8-
11). However, the mechanism for the formation of p • 
hydroxyiodophenols is stil l unclear. 
14 
For the iodoquinones 35b and 35c, the corresponding cross-
coupled products (entry 8-12) may be partially or totally reduced 
i.e. they may be partially or totally in the form of polysubstituted 
I i I 
/7-hydroxyphenol 40 (Scheme 8). However, they could be easily 
converted into the corresponding polysubstituted quinones v i a 
again oxidation with Pb02. However, such phenomenon did not 
occur in the iodoquinone 35a which could be attributed to the 
oxygen functional i ty in such compound. Therefore, the 
corresponding cross-coupled products 38a-e may be more 
electron rich and resist further reduction after the cross-coupling 
reaction. 
Scheme 8 
O OH o 
R v ^ X ^ P h Pd(0). R'SnBua R 
l ! ^ 丨 THF，80。C> C H 2 C I , 
O OH o 
40 (R= Me or Ph) 
Apart from Stille's cross-coupling reaction, Suzuki coupling 
r e a c t i o n ^ l can also be applied in these quinones. The electron 
poor iodoquinone 35c underwent coupling reaction with 
phenylboronic acid to produce the coupling product with very 
high yield (without reduction of the iodoquinone 35c) although 
some of the products were again in the form of p -hydroxypheno l 
which could be again oxidized easily by PbO: (eq. 5). 
15 
o o OH 
Ph 1 Ph PhB(0H)2，toluene, Ph^ X ^Ph Ph^ Js^^Ph 
I I 5 mole% (Ph3P)4Pd + V j (eq.5) 
K2CO3.80°C, 10hr ‘ ^ l ^ P h ^ Y ^ P h 





Direct benzannulation of carbene complex 32a with 1-
phenyl -2- t r imethy ls i ly l -buta- l ,3-d iyne 41 in order to obtain the 
highly-substituted quinone in a one-pot manner would only lead 
to a complex mixture with the desired product 38a isolated in 5% 
only (eq.6). Therefore our tandem annulation and cross-coupling 
reactions constitute an unique entry to these highly-substituted 
quinones. 
Or(CO)5 
I ^ O y ^ O M e 1 Ph 
k J 32a 1. mF，60OC，281y f ^ ^ ^ V N ^ P h (eq.6) 
+ 2. CAN ^ V ^ 
O ^ T M S 




1 .3 Conc lus ion : 
In conclusion, alkenyl Fischer carbene complexes 32a -c 
undergo tandem benzannulation-cross-coupling reactions to give 
poly substituted quinones 38 a-1 in mild and neutral conditions 
regioselectively. The reduction of the iodoquinones 35b and 35c 
must be catalyzed by the Pd catalyst since no such reduction 
occurred in the absence of the catalyst in a control experiment. 
Besides, the ratio of the reduction and coupling products were not 
affected even in the presence of copper(I) iodide in the reaction 
mixture. Although the /^-hydroxyiodophenols 39a or b w i l l 
impede the cross-coupling reaction, the formation of these 
compounds depends on the structure of the iodoquinones and 
organotin reagents. Furthermore, for the less electron rich 
iodoquinones 35b and 35c, the p-hydroxyiodophenols 39a or 
39b are the major side products in the cross-coupling reaction 
and can be re-oxidized easily. Therefore, the iodoquinones 35b 
and 35c can be recovered without significant loss during the 
course of the reaction. By suitably choosing the iodoquinones and 
organotin reagents, polysubstituted quinones can be obtained with 
high efficiency. 
17 
Part 2: Synthesis of Al lylsi lanes 
2 . 1 I n t r o d u c t i o n : 
Apart from the synthesis of polysubstituted quinones, we 
have also studied the synthesis of allylsilanes v i a the alkenyl 
Fischer carbene complexes since the use of allylsilanes as reagents 
and as intermediates in organic synthesis^^ has become a field of 
considerable importance, especially for the C-C bond formation via 
the reaction with electrophiles (eq.l). 
R s S i v ^ ^ E+ . R s S i ^ ^ A ^ E Nu- • ^ ^ E (eq. i ) 
Attack at the y-carbon of the allyl system generates a cation 
stabilized by the neighbouring silicon-carbon bond^^ and the 
displacement of silicon is fast. Although such chemistry of 
allylsilanes was recognized for more than 40 years ago by 
Sommer and Whi tmore , 3 0 the real impact of the allylsilane was 
disclosed around the mid 1970,s as a result of the pioneering 
research efforts of Calas,^^ Corriu,^^ Sakurai^^ and F l e m i n g . 3 4 
There are, in general, two important reactions involving 
allylsilanes. One is the C-C bond formation via regiospecific 
reactions with a variety of carbon electrophiles. For instances, 
allylsilanes can react with carbonyl 1 (eq. 2), a,p-
enones36 2 (eq. 3) and acetals^^ 3 (eq. 4) in the presence of a 
Lewis acid3l to give the corresponding homoallyl alcohol 4, 8, e-
enone 5 and homoallylether 6 , respectively wi th high y-
regiospecificity i.e. the C-C bond formation occurs exclusively at 




丁 M S V ^ ^ R + TICU_ H , 0 (eq.3) 
R o R R2 
2 5 
R2 
+ R1r2C(〇R)2 T i C 丨 4 , 里 (叫 4) 
3 6 
The other important reaction is the 5-membered ring 
a n n u l a t i o n 3 8 ( e q . 5) in which the allylsilane serves as a 3-carbon 
component in such [3+2] annulation strategy for the synthesis of 
5-membered carbocycles or heterocycles. One point should be 
noted is that the allylsilanes should bear a large trialkylsilyl group 
to suppress the normal Sakurai reaction.^ ^ 
9 1.1 eq /-Pra 〇 〇 
1.2 eq TiCU^CH^CIg /-Pr3 i-Pr^ 
-78。C, 2h \ / + \ / (eq. 5) 
77% “ 
99 ： 1 
There are several features which make allylsilanes as useful 
synthetic reagents in organic chemistry. Firstly, the facile and 
regioselective reaction of electrophiles with allylsilane is 
explained by the P-effect^^ of the silyl group. It is a combination 
of four components: inductive effect, field effect, (p^d) jc-bonding 
19 
and hyperconjugative effect. The P-s i ly l carbocation 7 is 
stabilized by hyperconjugation of the occupied p-type orbital of 





Secondly, in the presence of a base, silyl-substituted allyl 
anion 8 could be generated and it could again react with carbonyl 
electrophile to give the products of predominant Y-attack^^(eq. 6). 
T M s J ： ^ ^ ^ T M S I ^ R ^ (eq.6) 
Thirdly, due to the very strong Si-F bond, C-Si bond can be 
cleaved with tetrabutylammonium fluoride (TBAF)^^ to give an 
allylic anion species 9 which chemoselectively adds to carbonyl 
compound and produce the homoallyl silylether 10. After 
aqueous work-up, homoallyl alcohol 11 could be obtained (eq. 7). 
\ B u X - o r2 
^ ^ T M S Bu.NF I ^ � ^ ^ ^ ^ O ^ R i 
BU4N+ (eq. 7) 
9 




Finally, most of the allylsilanes are relatively stable to 
moisture, oxygen, reducing agents and heat (up to 200 - 300 ^ C ) . 
Unlike the other allylic reagents of alkali or alkali earth metals 
which react with carbonyl compounds and result in the formation 
of products without r e g i o s p e c i f i c i t y . 4 2 Furthermore, allylsilanes 
are chemically stable and can be carried through several synthetic 
operations until i t is called upon to react with the appropriate 
electrophile. 
In view of the fact that allylic silanes hold tremendous 
potential as reagents in organic synthesis, there has been a 
continuing search for methods^^ for the preparation of a diverse 
range of simple and functionalized allylsilanes. 
The simplest and most direct method is the silylation of 
al ly l -metal s p e c i e s H o w e v e r , due to facile isomerization, 
regioselectivity w i l l be a problem i f the allyl-metal compound is 
unsymmetrical (eq. 8). 
75% 10% 
_ • 
人 TMq (叫-8) 
15% 
21 
In 1988，Luh44 has applied nickel-catalyzed coupling of 
dithioacetals with silymethylmagnesium chloride for the synthesis 
of allylsilanes (eq. 9). 
f ^ ^ MeaSiCHgMgCI ^SMe^ SiMe〗 
S x S cat.NiC.,(PPh5. INil CH. — ^ J | + 人 ( e q . 9) 
A r ^ M e A r ^ M e ^^ Me A r ^ 
12 13 14 15 
The organonickel intermediate 13 may undergo P-
elimination in either direction leading to a mixture of vinylsilane 
N 
14 and allylsilane 15. However, in general, the tr imethylsi lyl 
group is sterically bulky enough to yield allylsilanes after 
elimination as the predominant products. 
Fleming has put much efforts in the synthesis of allylsilanes 
via the silylcuprate reagent which has been used in both addition 
and substitution reactions wi th a whole range of substrate 
inc lud ing ter t iary and secondary a l l y l i c a c e t a t e s , 8 
urethanes，48，49 c h l o r i d e s , ^ ^ a,P-unsaturated e s t e r s 扎 5 2 and 
allenes.53 A l l of these preparative methods have got considerable 
success in regiocontrolled synthesis of allylsilanes. Table 1 
shows the synthesis of allylsilanes via silyl-cupration of allenes.^^ 
Although allene 16a and phenylallene 16b afford v inyl silanes 
17a and 17b only, alkyl-substituted allenes lead to allylsilanes 
18c and 18d effectively. 
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Table 1 ： Silyl-cupration of allene. 
Ri 
r2 SiMezPh PhMegSi 
16 17 18 
a: r1=r2=r3=h 99% 
b: Ri=Ph, r2=r3=h 91。/。 
i Q o 
c: Ri=Fr^=Me, R =H ggo/。 
d: Ri=R2=Me’ r3=H 
Reagents:!) (PhMe2Si)2CuU，THF, -78°C, 1 hr 
ii) NH4CI, H2O, MeOH, -78。C ‘ 
Equation 10 and 11 are the examples of substitution 
reaction of silycuprate on the tertiary and secondary allyl ic 
ace ta tes45-48， respec t ive ly . In tertiary al ly l ic acetates, 
substitution reaction proceeds with anti-stereospecificity. On the 





THF,-50OC, 3hr ^ ^ Le ,Ph (eq. 10) ； 
86% 
I (PhMe2Si)2CuLi 
THF/EtgO/pentane, 广 j (eq.11) 




Recently, the cross-coupling of v iny l inf lates^ ^ with 
tris(trimethylsilymethyl)aluminum catalyzed by Pd(0) (eq. 12) is 
an efficient and chemoselective route to allylsilanes since the 
functionalities on the v inyl inflates remain intact even in the 
presence of an excess of such alane reagent. 
R ^ S ^ O S O , C F 3 (Me3SiCH2)3AI/Pd(0) 
R z ^ V CICHsCHaCI/PhhT p a ^ ^ R a …口.）^ ) 
Apart f rom the above methods, there are st i l l other 
preparative methods^^ for the synthesis of allylsilanes. However, 
most of them involve very harsh conditions, strict temperature 
control and some of the procedures are not simple. Furthermore, 
the availability of the starting material may be a problem. 
In 1972 and 1973, Fischer^^ and C o n n o r ^ r e c o g n i z e d 
Fischer carbene complexes can insert into Si-H bond of the di- or 
tri- organosilanes, respectively (eq. 13 and 14). 
Cr(C0)5 55°C 15 min K .SiPhaH , 
r + PhaSiHa 。丨 lb mi ; 乂 (eq. 13) 
12% 
+ Cr(C0)6 +…… 
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Cr(C0)5 1.3eq pyridine, K .SiEta 
J + EtoSiH hexane, reflux. 1 hr ^ X . (叫.14) 
〜 … Ph OMe 
Ph^ OMe 
82% 
Such [2+1] carbenoid insertion reaction involves simple 
experimental procedures and mild conditions only.57a Since they 
have concentrated only on the aryl carbene complexes, by virtues 
of these advantages, such strategy can be extended to the alkenyl 
carbene complexes so as to elaborate the preparative methods and 
catagories of allylsilanes. 
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2 .2 Results and Discussion: 
It was discovered that the length of the insertion reaction, 
as measured by the time required for the complete disappearance 
of the complex was influenced by the metal of the complex (Table 
2) and solvent of the reaction mixture (Table 3). Besides, it has 
been reported^^a that the addition of a coordinating base (e.g. 
pyridine) (eq. 14) would accelerate the insertion reaction and 
greatly increase the yield. However, in our experiments, it can be 
found that such coordinating base was not necessary and, in fact, 
the reaction rate and the yield would not be greatly affected in 
the absence of such coordinating base. 
From our preliminary investigations, such [2+1] carbenoid 
insertion reaction proceeded properly only in non-polar, non-
coordinating solvents such as benzene, hexane and toluene (Table 
3) and the reaction rate depended very much on the metal of the 
carbene complexes^^^ and decreased in the order: Mo > Cr » W 
(Table 2). 
Table 2: Effect of metal of the carbene complex on the insertion 
reaction. 
M(C0)5 H SiEt3 
^ 〜,• CH2CICH2CI, 60�C 
Z 、 +Et3&H — ^ ^ — — • Ph 入 O M e P h ^ OMe ⑶ w e 22 
Metal Time % yield 
Cr 2 hr 65 
Mo 1/2 hr 60 
W 12 day 15 
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Table 3: Effect of solvent on the insertion reaction. 
Cr(C0)5 H SiEto : 〜 
_ c:iu Solvent, 60 ^ 乂 
P h 人 O M e +Et3SlH _ P h A o M e , 
19 22 
Solvent Time % yield 
THF 3 58 
CH3CN 2.5 6 2 一 
CH2C12 3 65 
CH2ClCH2a 2 6 4 一 
Hexane 3 9 3 
Toluene 2 95 
Benzene 2.5 9 4 
Apart from the arylmethoxy carbene complex, we have, in 
fact, compared the reactivity between the styrylmethoxy-
pentacarbonyl c h r o m i u m ( 0 ) 2 3 and its tungsten analog with 
triethylsilane (eq. 15). For the tungsten analog, the time required 
for the complete disappearance of the complex was 8 days with 
75% of the desired product 23a formed. Compared with the 
chromium analog, it required only 1 hour with 87% of the product 
23a produced. 
M(C0)5 H SiEt3 
A m s + EtaSiH r ^ O M e (叫.15) 
60。C 
Ph 乂 PhZ 23a 
M = Cr (1 hr, 87 %) 
= W (8 days, 75 %) 
27 
Three kinds of catalyst were chosen to study the effect of 
catalyst in the insertion reaction. They were: chloroplatinic acid, 
d i rhod ium tetraacetate and te t rak is ( t r ipheny lphosph ine) 
palladium(O). In the presence of these catalysts, the reaction rate 
increased slightly almost to the same extent but the yields varied 
among these catalysts. The most efficient catalyst was dirhodium 
tetraacetate which gave the yield of the reaction comparable to 
the reaction without the catalyst (Table 4). However, the exact 
role for the catalyst in the insertion reaction have not been 
further investigated. 
Table 4: Effect of catalyst on the insertion reaction. 
ACr(C0)5 CH2CI2/CH2CICH2CI H S 旧 t3 
+ EtgSiH • 乂 
rn OMe 60 °C, 3-5 mol % cat. P h ^ ^ O M e 
19 22 
In CH2CI2 In CH2ClCH2a 
Catalyst Time(hr) % yield Time(hr) % yield 
H2PtCl6 1.5 49 1 48 
Rh2(OAc)4 1 67 3/4 75 
Pd(Ph3P)4 1 25 - -
w/o cat. 3 65 2 64 
After all of these considerations, the following experimental 
conditions were adopted: 1-2 equiv. of triorganosilanes were 
added to the chromium alkenyl carbene complexes with which 
they were dissolved in freshly distilled hexane and heated to 60 
OC until the complete disappearance of the complex (25 min - 20 
hr) (Table 5). 
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Table 5: Insertion reaction of alkenylmethoxy carbene complexes 
and triorganosilanes. 
Cr(C0)5 H SiRa 
丄 + RaSiH hexane, 60"C 乂 
R i ^ ^ ^ ^ O M e R i Z \ O M e 
20a-f 23-31 
R1 R = Et Ph EtO 
Ph^^^ j^sJKy^ 20a 23 :68%(1 hr) 29 :87%(30 min) 31 :44%(40 min) 
20b 24 :57%(25 min) 30 :64%(1 hr) 
[ I 20c 25 :47%(30 min) 
P h ^ ^ j / 20d 26 :63%(15hr) 
OMe 
20e 27 :40%(20 hr) 
20f 28 :10%(7 hr) 
^ ^ T M S 
The alkenyl carbene complexes 20a-c22-24 were prepared 
according to the standard methods (eq. 16) whereas the complex 
was prepared by the 1,4-addition of methanol to the 
alkynylmethoxy carbene complex 21a59 (eq. 17) and the 
complexes and 20f60 were prepared by the Diels-Alder 
reaction between the freshly distilled cyclopentadiene and the 
corresponding alknyl-methoxy carbene complexes 21a59 and 
21b 19, respectively (eq. 18). 
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2 equiv. 
t-BuLI ⑶.Cr(C0)6 MeOTf Y (GO 16、 
RBr r — RLi i (eq.16) 
-78。C R 八OMe 
20a (R = styryl) 
20b (R = isobutenyl 
20c (R = 3,4-dihydropyranyl) 
Cr(C0)5 
MeOH , A o M e (eq. 17) 
OMe r.t. Ph 人 OMe 
21a 20d (E:Z= 8:1) 
_ ) 5 O ^ O M e (eq.i8) 
OMe r.t. s J A p 
21a(R = Ph) 20e(R = Ph) 
21b (R = TMS) . 20f (R = TMS) 
According to Table 5, alkenyl carbene complexes 20a-c 
underwent the [2+1] insertion reaction with much faster rate than 
the alkenyl carbene complexes 20d-f . Such phenomenon may be 
attributed to the electronic and steric effect on the carbene 
complexes. For the carbene complex 20d, the P-methoxy group 
may decrease the electrophilicity of the carbene carbon and so is 
the rate of the insertion r e a c t i o n . 5 7 b On the other hand, the 
alkenyl carbene complexes 20e and 20 f are sterically bulky 
enough that the carbene carbon on these two carbene complexes 
may be less susceptible to the nucleophilic attack by the 
triorganosilanes. 
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In fact, the presence of an easily identifiable methine proton 
resonance in the ^ H NMR spectrum of the product of these 
insertion reactions has been very useful in the characterization of 
these compounds (Table 6). Replacement of PhsSi by EtsSi group 
(al lylsi lane 23 and 29 or 24 and 30) results in a shift of the 
methine proton resonance to higher field, in a manner consistent 
with the greater positive inductive effect of the alkyl group. 
Table 6: Chemical shift(5:ppm) of the methine proton in the allylsilane 
Entry allylsilane SiR3(R=) 5(ppm) 
1 23 Et 3.74 
2 2 4 Et 3.75 
3 25 Et 3.60 
4 2 6 Et 4.20 
5 27a ,b Et 4.29, 4.21 
6 28a，b，c* Et 4.00, 3.98, 1.45 
7 29 Ph 4.46 
8 3 0 Ph 4.42 
9 31* OEt -
*: the product is vinylsilane. 
For the alkenyl carbene complex 20e and 2Of，more than 
one insertion products could be found after they have undergone 
insertion reaction with triethylsilane (Table 6) (entry 5 and 6). 
In fact, for the carbene complex 20e (entry 6), a mixture of two 
diastereomers, allylsilane 27a and 27b , were produced after the 
insertion reaction (eq. 19) and so was the appearance of two 
methine proton resonance value in Table 6 (entry 5). 
3 1 
:r(C0)5 SiEta 
( T V H ^ O M e + Et s iH hexane • (eq. 19) 
K I X , , 60oC’20h「 l ^ ] l 、 p h 
20e 27a and 27b (40 %) 
Simi lar ly, carbene complex 2Of would also give two 
diastereomers, al ly ls i lane 2 8a and 2 8 b , wi th two different 
methine proton resonances. However, there was an additional 
isomer 28c (Table 6) (entry 6) produced after the insertion 
reaction and the ratio of this isomer 28c to the diastereomers 28a 
and 28b was 5 : 1 . According to the ^H NMR spectrum, this 
isomer did not have the similar value of methine proton 
resonance as compared wi th the chemical shift of the 
diastereomers or other allylsilanes (Table 6). Nevertheless, the 
proton signal of isomer 28c is very similar to that of its 
diasteromers 28a and 28b except there was a doublet at 5 1.45 
ppm. Besides, the mass spectrum for this isomer indicated that it 
has the molecular mass identical to its diastereomers (M+ = 322). 
Therefore we have rationalized that there may be a 1,3-hydrogen 
migration (vinylsilane formation) during the insertion reaction of 
the complex 2Of with triethylsilane (eq. 20). The doublet at 5 
1.45 ppm may be due to the methine proton resonance of the 
vinylsilane 28c. 
Cr(C0)5 f E t 3 J ^ h 
+ ( j f o M e ( e , 2 0 ) 
^ V I ^ T M S TMS TMS 
20f 28a,b (10 %) 28c (54 %) 
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Such phenomenon, on the other hand, did not occur in the 
carbene complex 20e and the reason for this is stil l unclear. 
However, the vinylsilane formation was also observed in the 
reaction of carbene complex 20a with triethoxysilane (eq. 21). In 
such reaction, vinylsilane 3 1 was produced and it was again 
elucidated by the ^H NMR spectrum. There was a doublet at 5 
3.52 ppm for the methylene protons and a triplet at 5 5.50 ppm 
for the olefinic proton. The coupling constant for these 
multiplicities was the same with the value of 7.2 Hz. As a result, 
no methine proton resonance could be observed (Table 6) (entry 
9). 
Cr(C0)5 
r ^ O M e + (EtO)3SiH 60 ^C, 40 min^ ^ ^ ^ ( 叫 . ) 
J OMe 
PhZ 
20a 31 (44%) 
The mass spectra of the insertion products usually contain a 
molecular ion of low relative abundance which may be due to loss 
of O -methyl group followed by cleavage of the Si-C bond since the 
mass spectra of all the insertion products usually contain a (M+-
Me) ion peak and the SiEt3 or SiPh3 ion peak with very high 
intensity. The IR spectra of all the insertion products are 
uncharacteristic and so an exact assignment is not important. 
There are, in fact, several attractive features in this [2+1； 
carbenoid insertion reaction. Firstly, it is a convenient method for 
the introduction of oxygen functionality to the a-carbon of the 
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allylsilanes. The presence of the a-alkoxy group may facilitate the 
5-membered ring annulation reaction^^ by the likely stabilization 
of carbocation intermediate as described before.(eq. 5) 
The high tolerance of functionalities on the alkenyl carbene 
complexes during the insertion reaction is a great benefit for the 
synthesis of allylsilanes since different functionalities can be 
introduced to the corresponding allylsilanes v i a the alkenyl 
carbene complexes. Therefore, more functionalized and diverse 
range of allylsilanes can be synthesized. Finally, the high 
dienophilicity of the alkyny159,60 and alkenyl24，61 Fischer carbene 
complexes allows for the synthesis of more diverse range of 
alkenyl Fischer carbene complexes via D i e l s - A l d e r 2 4 , 5 9 - 6 1 or 
c y c l o a d d i t i o n 6 2 , 6 3 reactions and so is the catagories of allylsilanes. 
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2 . 3 C o n c l u s i o n : 
In conclusion, since the reaction of allylsilane with carbon 
electrophiles is very much versatile in the C-C bond formation, 
more general methods of preparing functionalized allylsilanes are 
sti l l required. Here we have introduced such [2+1] carbenoid 
insertion reaction as a versatile method for the preparation of 
al lylsi lanes under neutral medium and at near ambient 
temperature. By appropriate variation of the alkenyl carbene 
complex and triorganosilanes, allylsilanes should be capable of 
wide variation. The ease of preparation of diverse range of 
alkenyl Fischer carbene complexes, high tolerance of the 
functionalities during the reaction and the ease of operations for 
such reaction are the important features for such [2+1] carbenoid 
insertion reaction. 
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Exper imenta l Section: 
Unless otherwise noted, all materials were obtained from 
commercial suppliers and used without further purif ication. 
Phenylethynyl- and vinyl- tributylstannane were purchased from 
Aldrich. Allyltributylstannane was obtained from Dr. K.S. Chan's 
laboratory and phenyltributylstannane was obtained from Mr. M. 
K. Tse. THF and diethyl ether were disti l led from sodium 
benzophenone ketyl immediately prior to use. Hexane was 
disti l led over calcium chloride and toluene was distil led from 
sodium. For reactions involving carbene complexes the reaction 
mixtures were deoxygenated by the freeze-thaw-pump method 
(-196 to 25 OC，three cycles). A l l column chromatography was 
carried out under air even for the various carbene complexes by 
using the 'flash' method as described by Still^^ with silica-gel 
(230-400 mesh). A l l reactions were monitored by thin layer 
chromatography (TLC) performed on Merck precoated silica gel 
6OF254 plates, and compounds were visualized under UV light or 
with a spray of 5% w/v dodecamolybdophosphoric acid in ethanol 
and subsequent heating. A l l melting points were incorrected. 
Routine proton NMR spectra were recorded on a Jeol 60-MHz 
or Bruker 250-MHz spectrometer in CDCI3 (residual CHCI3 5 7.24 
ppm) with tetramethylsilane as internal standard. Chemical shifts 
are reported as part per mill ion (ppm) in 6 scale down-field from 
TMS. Coupling constants (J) are reported in hertz (Hz), l ^ c NMR 
spectra were obtained on a Bruker 250 spectrometer at 62.9 MHz. 
Infrared spectra were recorded on a Nicolet (205) FT-IR 
spectrophotometer as neat f i lm on KBr. Low and high resolution 
mass spectra were obtained from the VG 70-70 system. 
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Elemental analysis were carried out by Medac Ltd，UK or Shanghai 
Institute of Organic Chemistry, China. 
Part 1: Synthesis of Polysubst i tu ted- l ,4-Quinones 
P r e p a r a t i o n of A l k e n y l F ischer Carbene Complexes, 
Carbene complex 32a.22 To a solution of dihydropyran (0.91 
ml，10 mmol) in 3 ml of THF at -78°C was added r-BuLi (11.8 ml, 
1.7 M，20 mmol) slowly. Then the solution was warmed up to 0 
and was stirred for 30 min. The dihydropyranyl l i thium was 
transferred via the cannular to a slurry of Cr(C0)6 (2.2g, 10 mmol) 
in 15 ml of THF at 25 After 2hr, the volatiles were removed 
first on a rotatory evaporator and then under high vacuum. The 
reddish brown solid was extracted into water (30 ml) that had 
been purged with N2 and the solution was filtered. A solution of 
Bu4NBr (3.2 g) in 20 ml of water was added to the filtrate and the 
resultant yellow brown ppt. of ammonium salt (4.78 g，88%) was 
obtained upon filtration. I f an emulsion formed, chill ing in freezer 
for a few hrs would help to coagulate. The ammonium salt (4.78 
g, 8.77 mmol) was dissolved in CH2CI2 (30 ml) that had been 
purged with N2 and to the mixture was slowly added MeOTf (1.0 
ml，8.77 mmol). After 20 min, saturated NaHCOs solution (10 ml) 
was added and the mixture was stirred for an additional 20 min. 
The solvent was removed under reduced pressure and the residue 
was extracted with hexane, washed with brine and dried (anhyd 
MgS04). The crude mixture was flash-chromatographed on silica 
gel with hexane (Rf = 0.44) to give the red solid (1.6 g, 59 %)• ^H 
NMR (CDCI3，60 MHz) 6 1.83 (m, 2 H), 2.16 (t, J = 4.0 Hz，2 H), 4.16 
( t , J = 5.0 Hz, 2 H), 4.80 (s，3 H), 5.50 (t, / = 4.0 Hz, 1 H). 
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Carbene complex 32b and 32c: General procedure. The 
preparation of carbene complex 32b24 was described as a typical 
example. To a solution of 1 -bromo-1 -propene (0.45 ml，5 mmol) 
under nitrogen at -78 OC in diethyl ether was added by syringe t-
BuLi (6.5 ml, 1.7 M，10 mmol) over a period of 10 min. This 
solution was stirred at -78 ^C for 1.5 hr and then transferred by 
cannular to a suspension of chromium hexacarbonyl (1.1 g, 5.0 
mmol) in diethyl ether at 0 This mixture was warmed to 25 oC 
and was allowed to stir for 2 hr. The reaction mixture was cooled 
to 0 OC, and methyl triflate(0.8 ml, 7 mmol) was added. The 
reaction mixture was warmed to 25 and stirred for 1 hr. After 
quenching with aq. sodium bicarbonate solution, i t was extacted 
with water and sodium chloride solution. The organic layer was 
dried with anhydrous magnesium sulfate. Concentrated crude 
product was purified by flash chromatography using hexane (Rf = 
0.42) as eluent. A bright red low melting solids identified as 
complex 32b was obtained (0.55 g, 40 %). Spectral data showed 
this to be a ElZ mixture, the isomers could not be separated. ^H 
NMR (CDC13，250 MHz) 5 (Z isomer) 1.70-1.97 (m，3 H), 4.67 (s，3 
H)，5.20-5.40 (m, 1 H), 7.08-7.30 (m，1 H). 6 (E isomer) 1.70-1.97 
(m，3 H)，4.67 (s，3 H)，6.20-6.40 (m, 1 H), 7.08-7.30 (m，1 H). 
Carbene complex 32c.23 With the use of bromostyrene (0.65 
ml, 5.0 mmol) and following the procedure described above, a 
dark solid identified as carbene complex 32c23 was obtained (1.0 
g, 60 %)• Rf = 0.33 (hexane); ^H NMR (CDCI3, 250 MHz) 6 4.81 (s, 3 
H), 6.95 (d，J = 15.4 Hz)，7.40-7.74 (m，5 H), 7.95 (d, J = 15.4 Hz). 
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Preparat ion of stannyla lkynes: General procedure. The 
preparation of ( t r imethyls i ly lethynyl) t r ibuty lstannane65 was 
described as a typ ica l example. To a solut ion of 
trimethylsilylacetylene (0.98 g, 10 mmol) in THF (15 ml) was 
added dropwise Ai-BuLi (6.3 ml，1.6 M, 10 mmol) at 0。(：• After an 
hour, BuSSnCl (3.26 g，10 mmol) was added. The reaction mixture 
was stirred overnight (16 hr) at room temperature. Normal 
aqueous work-up, which was followed by evaporation of the 
solvent under reduced pressure afforded the desired product (3.9 
g，85 %) as pale yellow liquid. ^H NMR65 (CDCI3，250 MHz) 5 0.13 
(s, 9 H)，0.85-1.56 (m，27 H). 
1-Hexynyltributylstannane,66 With the use of 1-hexyne (0.82 
g, 10 mmol) and following the same procedure described above, 
1 -hexynyItributyIstannane was obtained (3.9 g, 87 %) as pale 
yellow liquid. ^H NMR66 (CDCI3, 250 MHz) 6 0.85-1.59 (m, 34 H), 
2.23 (t，J = 7.1 Hz, 2 H). 
P r e p a r a t i o n o f l - p h e n y l - 2 - t r i m e t h y l s i l y l a c e t y l e n e 33. 
To phenylacetylene (2.2 ml, 20 mmol) in 20 ml of THF was added 
n-BuLi (14 ml，1.6 M，22 mmol) slowly at 0。C under nitrogen 
atmosphere. The mixture was stirred for an hour at that 
temperature and then chlorotrimethylsilane (2.8 ml, 22 mmol) 
was added dropwisely. The yellow mixture was allowed to stir 
overnight. Cold water was added and the mixture was extracted 
with ether. The extracts were combined, washed with water and 
brine and dried over anhydrous MgSCU. After removal of the 
solvent would give a pale yellow liquid (2.9 g, 84 %)• Rf = 0.76 
(hexane); iR NMR (CDCI3，250 MHz) 6 0.25 (s，9 H)，727-130 (m, 3 
3 9 
H), 7.44-7.48 (m，2 H).63 Other spectroscopic data (IR64，mass 
spectra^^) can be referred to the published literatures. 
P r e p a r a t i o n o f p h e n y l e t h y n y l i o d i d e 37.70 To the 
phenylacetylene (1.7 ml，15 mmol) in 30 of ml solvent mixture 
(THF:Hexane = 1:1) was added w-BuLi (9.4 ml, 15 mmol) slowly at 
O^C under the N2 atmosphere. After an hour, saturated solution 
of iodine in THF (4.6 g，18 mmol) was added over 15 min to the 
lithium acetylide with cooling between -30 and -15 °C. After the 
addition, the cooling bath was removed and the temperature was 
allowed to rise to 0°C. H2O (20 ml) was added with vigorously 
stirring. Af ter separation of layers, the aqueous layer was 
extracted with ether and the excess iodine was quenched with 
saturated NaHS03 solution. The organic extracts were washed 
with H2O and brine and dried (anhyd MgS04). They were then 
concentrated in vacuo to give the pale brown liquid(3.1 g，91%). 
Rf = 0.65 (hexane); ^H NMR (CDCI3, 60 MHz) 6 7.10-7.50 (m, 5H). 
P r e p a r a t i o n of l - p h e n y l - 4 - ( T r i m e t h y l s i l y ) - l , 3 - b u t a d i y n e 
41.71 To the phenylethynyliodide (0.3 g, 1.3 mmol) and 
trimethylsilylacetylene (0.26 g, 2.6 mmol) in 20 ml of EtsN which 
has been purged with N2 was added Cul (10 mg, 3 mol %)and 
bistriphenylphosphinepalladium(II) dichloride (50 mg，5 mol %)• 
The yellow suspension was allowed to stir at room temperature 
under the N2 atmosphere for 15 hr. The dark suspension was 
filtered through celite and concentrated to remove the solvent. 
The dark residue was extracted into benzene and washed with 
H2O and brine and dried (anhyd MgS04). The extracts were 
concentrated and flash-chromatographed on silica gel with hexane 
40 
V;- .丫 •：... . 
(Rf = 0.63) to give pale yellow liquid (100 rag, 40 %)• ^H NMR72 
(CDC13，60 MHz) 6 0.40 (s, 1 H), 7.30-7.80 (m, 5H). 
Benzannu la t i on o f c h r o m i u m a l keny lme thoxy carbene 
c o m p l e x w i t h P h e n y l a c e t y l e n e o r l - p h e n y l - 2 -
t r ime thy l s i l y l ace t y l ene 33. The reaction o f 2-d ihydro-
pyranylmethoxymethylene pentacarbonyl chromium 32a wi th 
phenylacetylene was described as a typical example. A solution of 
32a (70 mg, 0.22 mmol) and phenylacetylene (45 mg，0.44 mmol) 
in 5 ml of THF was deoxygenated by the freeze-thaw-pump 
method for 3 cycles. The mixture was stirred under a N2 
atmosphere at 50。€ for 9 hr. The mixture was opened to air and 
oxidised by vigorously stirring with 4 ml of 0.5 M of eerie 
ammonium nitrate (7.5 equiv.) in 0.1 N HNO3 for 1 hr. The 
mixture was extracted with ether，washed with H2O and saturated 
brine and dried over anhydrous MgS04. The crude product was 
flash-chromatographed on silica gel using hexane/ethyl acetate 
(4:1) as the solvent mixture (Rf = 0.26)， affording the quinone 36 
as yellow solids (30 mg, 60 %)• mp 51-53 OC; ^H NMR (CDCI3, 250 
MHz) 6 1.98 (m，2 H), 2.49 (t，J = 6.4 Hz, 2 H), 4.27 (t, J = 5.2 Hz, 2 
H)，6.69 (s，1 H)，7.40 (br. s，5 H); 13c NMR (CDCI3，62.9 MHz) 5 
18.07，20.53，67.39，119.14，128.22, 129.32，129.74，130.22， 
133.16，146.14，153.56, 181.67，185.72; IR(neat) 1651，1697 cm"!; 
mass spectrum, m/e (% relative intensity) 240 (M+，47)，211 (13)， 
184 (33)，156 (32)，128 (29), 102 (65)，76 (22)，55 (100). Anal. 
Calcd for C14H12O3: C，75.00; H, 5.00. Found: C，74.98; H, 5.14. 
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Benzannulat ion of metal carbene complex 32a w i t h 1-
phenyl-2-tr imethyls i Iy lacetylene 33. A mixture of carbene 
complex 32a (0.26 g，0.82 mmol) and silylalkyne 33 (0.29 g, 1.67 
mmol) was stirred at 55°C for 38 hr. After oxidation, the mixture 
was puri f ied by column chromatography using hexane/ethyl 
acetate (4:1) as the solvent mixture (Rf = 0.37) to afford the silyl-
quinone 34a (0.17 g，66 %) as yel low prism-l ike crystals 
(methanol/hexane): mp 125-126。C; iR NMR (CDCI3, 250 MHz) 5 -
0.11 (s, 9 H)，1.96 (m，2 H)，2.42 (t，J = 6.4 Hz, 2 H)，4.26 (t，J = 5.2 
Hz，2 H), 7.08-7.12 (m，2 H), 7.33-7.37 (m, 3 H); IR(neat) 1632， 
1638，1651，1657 cmf l ; mass spectrum, m/e (% relative intensity) 
312 (M+，21)，297 (58)，269 (100)，159 (21)，129 (27), 73 (47); 
calcd for Ci8H20O3Si m/e 312.1177，measured m/e 312.1182. 
Anal. Calcd for Ci8H2o03Si: C, 69.23; H, 6.41. Found: C, 69.10; H， 
6.45. 
Benzannulat ion of metal carbene complex 32b w i t h 1-
phenyl-2-tr imethyls i ly lacetylene 33. A mixture of carbene 
complex 32b (0.6 g, 2.16 mmol) and silylalkyne 33 (0.76 g, 4.37 
mmol) was stirred at 60 °C for 19 hr. After oxidation, the mixture 
was puri f ied by column chromatography using hexane/ethyl 
acetate (10:1) as the solvent mixture (Rf = 0.37) to afford the silyl-
quinone 34b (0.35 g, 60%) as yellown solid: mp 36-38 o q IR NMR 
(CDCI3，250 MHz) 6 -0.12 (s，9 H), 2.03 (d, J = 1.7 Hz, 3 H)，6.64 (q， 
/ = 1.4 Hz, 1 H), 7.09-7.13 (m, 2 H), 7.36-7.38 (m，3 H); 13c NMR 
(CDCI3, 62.9 MHz) 6 0.40, 15.75，127.75, 128.75，129.61, 134.87, 
135.55，145.13，148.25，155.01，186.83，192.04; IR(neat) 1648 cm" 
1; mass spectrum, m/e (% relative intensity) 270 (M+，0.4), 256 
(100)，228 (12)，181 (18)，159 (14)，129 (9)，73 (23); calcd for 
42 
Ci6Hi802Si m/e 270.1071, measured m/e 270.1113. Anal. Calcd 
for Ci6Hi802Si: C, 71.11; H，6.66. Found: C，70.95; H，6.69. 
Benzannulat ion of metal carbene complex 32c w i t h 1-
phenyl-2-tr imethyls i ly lacetylene 33. A mixture of carbene 
complex 32c (0.16 g，0.47 mmol) and silylalkyne 33 (0.16 g, 0.92 
mmol) was stirred at 60 for 30 hr. After oxidation, the mixture 
was puri f ied by column chromatography using hexane/ethyl 
acetate (20:1) as the solvent mixture (Rf = 0.26) to afford the silyl-
quinone 34c (0.21 g, 70%) as orange solids (methanol/hexane): 
mp 83-86。C;lH NMR (CDCI3, 250 MHz) 6 -0.07 (s，9 H), 6.90 (s, 1 
H)，7.18-7.45 (m, 10 H); l ^ c NMR (CDCI3, 62.9 MHz) 6 0.40, 
127.77, 128.37, 128.84, 129.25，129.76, 133.19，133.87，135.64， 
145.35，148.07，155.31, 185.85, 192.15; IR(neat) 1634，1659 c n r l ; 
mass spectrum, m/e (% relative intensity) 332 (M+，17)，317 
(100)，301 (33)，215 (11)，159 (21)，102 (45)，73 (36); calcd for 
C2lH2o02Si m / e 332.1227，measured m / e 332.1283. 
Benzannulat ion of meta l carbene complex 32a w i t h 1-
pheny l -4 - (Tr imethy ls i ly l ) - l ,3 -butad iyne 41. A mixture of 
carbene complex 32a (0.20 g, 0.63 mmol) and diyne 41 (0.20 g, 
0.96 mmol) was stirred at 60 °C for 28 hr. After oxidation, the 
mixture was pur i f ied by column chromatography using 
hexane/ethyl acetate (4:1) as the solvent mixture (Rf = 0.33) to 
afford the quinone 38a as yellow solids (10 mg, 5 %)• ^H NMR 
(CDCI3, 250 MHz) 5 0.07 (s, 9 H)，1.98 (m，2 H), 2.47 (t，J 二 6.4 Hz，2 
H)，4.27 (t，J = 5.2 Hz，2 H), 7.35-7.45 (br. s, 5 H); IR(neat) 1635， 
1676 cm"l. The spectroscopic data were consistent with the one 
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derived from the coupling reaction of the iodoquinone 35a and 
( t r imethy ls i ly le thynyl ) t r ibuty ls tannane. 
i>50- Iod ina t ion o f s i l y l - q u i n o n e s : ^ ^ Genera l p rocedure . 
The reaction of silyl-quinone 34a with ICI was described as a 
typical example. A solution of 34a (80 mg，0.26 mmol) in CCI4 (10 
ml) was stirred in an ice bath while ICI (90 mg，0.53 mmol) in CCI4 
(10 ml) was added over a period of 10 min. After the mixture 
was stirred for an additional 5 min, the ice bath was removed. 
The mixture was then stirred for 2 hr at room temperature and 
poured into saturated aqueous sodium bisulfite. Normal aqueous 
workup followed by column chromatography with hexane/ethyl 
acetate (4:1) as the solvent mixture (Rf = 0.21) gave the 
iodoquinone 35a (70 mg，70 %) as yellow needle-shaped crystals 
(methanol/hexane): mp 148-149。C; iR NMR (CDCI3，250 MHz) 6 
2.01(m, 2 H), 2.51 (t, 3 = 6.3 Hz，2 H)，4.32 (t, J = 5.2 Hz，2 H), 
7.26-7.50 (m，5 H); 13c NMR (CDCI3, 62.9 MHz) 5 18.18，20.48， 
68.00, 119.19，127.87，129.29, 129.72, 131.46, 137.60，143.40， 
153.66，174.77, 183.49; IR(neat) 1589，1634，1687 c m ] ; mass 
spectrum, m/e (% relative intensity) 366 (M+，2)，274 (54)，239 
(100)，211 (10)，183 (15)，129 (64); calcd for C15H11O3I mie 
365.9750，measured m/e 365.9757. The compound was 
insufficiently stable to allow for an acceptable elemental analysis 
as three batches of purif ied sample st i l l gave unsatisfactory 
analysis. 
ipso-Iodinat ion of s i ly l-quinone 34b, A mixture of si ly l-
quinone 34b (0.35 g，1.30 mmol) and ICI (0.42 g，2.59 mmol) was 
stirred for 3 hr at room temperature and poured into saturated 
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aqueous sodium bisulfite. Normal aqueous workup followed by 
column chromatography with hexane/ethyl acetate (10:1) as the 
solvent mixture (Rf = 0.31) gave the iodoquinone 35b (0.25 g， 
60%) as yellow prism-like crystals (methanol/hexane): mp 105-
107。C; IH NMR (CDCI3, 250 MHz) 6 2.07 (s，3 H)，6.78 (s，1 H), 7.20-
7.24 (m，2 H)，7.37-7.43 (m，3 H); 13c NMR (CDCI3，62.9 MHz) 6 
15.83, 127.88，129.20, 129.46, 131.34, 132.60，140.27，143.78， 
146.17，179.45，184.49; IR(neat) 1656，1668 cmfl; mass spectrum, 
m/e (% relative intensity) 324 (M+，0.2)，232 (56)，197 (100)，169 
(55)，129 (40)，115 (21)，101 (21)，77 (7). calcd for C13H9O2 (M+-I) 
m/e 197.0600，measured m/e 197.0650. The compound was 
insufficiently stable to allow for an acceptable elemental analysis 
as three batches of purif ied sample st i l l gave unsatisfactory 
analysis. 
//750-l0dinati0ii of s i ly l -quinone 34c. A mixture of s i ly l -
quinone 34c (0.12 g，0.36 mmol) and ICl (0.12 g，0.74 mmol) was 
stirred for 3 hr at room temperature and poured into saturated 
aqueous sodium bisulfite. Normal aqueous workup followed by 
column chromatography wi th hexane/ethyl acetate ( 6 : 1 ) as the 
solvent mixture (Rf = 0.24) gave the iodoquinone 35c (0.11 g, 
80%) as red solids (methanol/hexane): mp 121-123�C; ^H NMR 
(CDCI3, 250 MHz) 6 7.08 (s，1 H), 7.29-7.51 (m，10 H); 13c NMR 
(CDCI3, 62.9 MHz) 6 128.05，128.51，129.45，129.70，130.35， 
131.55，131.99, 132.54, 140.46，144.07，146.34，179.80，183.74; IR 
(neat) 1662 cmfl; mass spectrum, m/e (% relative intensity) 386 
(M+，0.7), 294 (100)，259 (85)，231 (90)，202 (40)，129 (73)，102 
(55)，77 (9). calcd for C18H11O2 (M+-I) m/e 259.0756，measured 
m/e 259.0787. The compound was insufficiently stable to allow 
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for an acceptable elemental analysis as three batches of purified 
sample sti l l gave unsatisfactory analysis. 
Desi ly lat ion of quinone 34a. To the yel low solution of 
quinone 34a (13 mg, 40 mmol) in 4 ml of CH2CI2 was added TFA 
(0.06 ml，0.8 mmol). The mixture was refluxed for 4 hr and 
saturated sodium bicarbonate solution (10 ml) was added. The 
mixture was extracted with CH2CI2, washed with brine and dried 
(anhyd MgSCU). The extracts were concentrated and flash-
chromatographed on silica gel using hexane/ethyl acetate (3:1) as 
the solvent mixture (Rf 二 0.28) to afford the yellow solids (15 mg, 
94%). IH NMR (CDCI3, 250 MHz) 5 1.99 (m，2 H)，2.50 … / == 6.4 Hz， 
2 H), 4.29 (t, J 二 5.2 Hz, 2 H), 6.69 (s, 1 H), 7.39 (br. s, 5 H); l^c 
NMR (CDCI3，62.9 MHz) 6 18.06，20.54, 67.38, 119.13，128.20， 
129.32, 129.73, 130.23, 133.18，146.14，153.57，181.66，185.71. 
The spectroscopic data were consistent with the one derived from 
the annulation of complex 32a and phenylacetylene. 
P a l l a d i u m c a t a l y z e d c r o s s - c o u p l i n g r e a c t i o n s of 
iodoquinones and organostannanes: Genera l procedure. 
Reaction of iodoquinone 35a and ( t r imethyls i ly lethynyl ) -
tributyltin was described as a typical example. To the solution of 
iodoquinone 35a (55 mg，0.16 mmol) and (tr imethylsi ly l-
ethynyl)tributyltin (0.18 g, 0.47 mmol) in 8 ml of THF was added 
t e t r a k i s(tr iphenylphosphine) palladium(O) (10 mg，5 mol %). The 
mixture was degassed by the freeze-thaw-pump method for three 
cycles and then i t was heated to 80 and allowed to stir under a 
N2 atmosphere for 2 day. The dark mixture was filtered and the 
filtrate was concentrated and f l ash-chromatographed on silica gel 
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with hexane/ethyl acetate (3:1) as the solvent mixture ( R f = 0.46) 
to give the quinone 38a (30 mg, 65 %) as orange prism-like 
crystals (methanol/hexane): mp 114-115。(：； ^H NMR (CDCI3，250 
MHZ) 6 0.08 (s，9 H), 1.97 (m，2 H), 2.47 (t，J = 6.3 Hz，2 H)，4.27 (t， 
J = 5.2 Hz，2 H)，7.36-7.43 (br. s，5 H); IR(neat) 1635，1676 c m ] ; 
mass spectrum, m/e (% relative intensity) 366 (M+，91)，293 
(100)，265 (47)，183 (43)，129 (30)，73 (78); calcd for C2oH2o03Si 
m/e 336.1177, measured m/e 336.1182. Anal. Calcd for 
C20H20O3Si: C，71.43; H，5.95. Found: C，71.62; H，5.88. 
Quinone 38b. A mixture of iodoquinone 35a (20 mg，0.06 
mmol), phenylethynyltr ibutyl t in (40 mg, 0.10 mmol) and 
Pd(Ph3P)4 (5 mol %) was heated to 80 oc and was stirred under a 
N2 atmosphere for 36 hr. Final pur i f icat ion ut i l ized 
chromatography wi th hexane/ethyl acetate (3:1) as the solvent 
mixture (Rf = 0.23) afforded the red prism-like crystals (17 mg， 
92%)： mp 214-215。C (methanol/hexane); ^H NMR (CDCI3, 250 
MHz) 61.99 (m，2 H)，2.50 (t, / = 6.3 Hz，2 H)，4.30 (t, J = 5.2 Hz，2 
H), 7.26-7.34 (m，5 H), 7.42-7.50 (m，5 H); IR(neat) 1627，1637， 
1677 cm-1; mass spectrum, m/e (% relative intensity) 340 (M+， 
11)，342 (100)，314 (15)，286 (14)，257 (7), 231 (8)，202 (14)，105 
(7)，77 (5); calcd for C23H16O3 m/e 340.1095，measured m/e 
340.1059. Anal. Calcd for C23H16O3： C，81.18; H，4.71. Found: C, 
80.79; H，4.78. 
Quinone 38c. A mixture of iodoquinone 35a (40 mg，0.11 
mmol)，1-hexynyltributyl tin (80 mg, 0.22 mmol) and Pd(Ph3P)4 
(5 mol %) was heated to 80 ^C and was stirred under a N2 
atmosphere for 43 hr. Purification by util izing chromatography 
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on silica gel with hexane/ethyl acetate (4:1) (Rf = 0.34) gave the 
prism-l ike orange crystals (18 mg，50 %)： mp 119-120 
(ethanol/hexane); i H NMR(CDCl3, 250 MHz) 6 0.79 (t, J = 7.2 Hz, 3 
H)，1.14-1.44 (m, 4 H)，1.97 (m，2 H)，2.33 (t, J = 6.9 Hz，2 H)，2.47 
(t，J = 6.3 Hz，2 H), 4.27 (t，J = 5.2 Hz，2 H)，7.38-7.47 (br. s，5 H); 
IR(neat) 1633,1676 cm"! ; mass spectrum, m/e (% relative 
intensity) 320 (M+，20)，277 (21)，249 (11)，165 (17)，139 (10)，91 
(100)，65 (8); calcd for C21H20O3 mfe 320.1407, measured m/e 
320.1397. Anal. Calcd for C21H20O3： C, 78.75; H，6.25. Found: C, 
78.62; H，6.38. 
Quinone 38d- A mixture of iodoquinone 35a (0.12 g，0.33 
mmol), vinyltributyl tin (0.21 g，0.66 mmol) and Pd(Ph3P)4 (5 mol 
%) was heated to 80 ^C and was stirred under a N2 atmosphere 
for 40 hr. Final purification was achieved by chromatography on 
silica gel wi th hexane/ethyl acetate (8:1) (Rf = 0.37) to give the 
needle-shaped red crystals (58 mg, 60 %): mp 123-124 
(ethanol/hexane); i H NMR (CDCI3，250 MHz) 5 1.98 (m，2 H)，2.46 
(t, J = 6.3 Hz, 2 H), 4.29 (t，J = 5.3 Hz, 2 H)，5.49 (dd, J = 2.3, 11.6 
Hz，1 H ), 6.07 (dd, J = 2.3, 17.8 Hz, 1 H)，6.24 (dd, J 二 11.5，17.8 
Hz，1 H)，7.12-7.42 (m，5 H); 13c NMR (CDCI3，62.9 MHz) 6 17.98， 
20.66，67.65， 1 1 8 . 4 6，126 .55 , 127.90，128.58，128.73，130.04， 
132.92，135.26, 142.54, 153.55，181.77, 186.01; IR(neat) 1627， 
1637, 1677 cm-1; mass spectrum, m/e (% relative intensity) 266 
(M+，100)，237 (23), 210 (41)，181 (36)，155 (27)，128 (50), 102 
(24)，77 (21), 55 (42); calcd for C17H14O3 m/e 266.0939, measured 
m/e 266.0950. Anal. Calcd for C17H14O3： C, 76.69; H，5.26. Found: 
C, 76.35; H，5.56. 
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Quinone 38e. A mixture of iodoquinone 35a (60 mg，0.16 
mmol)，allyltributyl tin (0.11 g，0.33 mmol) and Pd(Ph3P)4 (5 mol 
%) was heated to 77 OC and was stirred under a N2 atmosphere 
for 40 hr. Purification by chromatography on silica gel with 
hexane/ethyl acetate (3:1) (Rf = 0.39) gave the yellow solids (30 
mg，66 %): mp 62-64。C; ^H NMR (CDCI3, 250 MHz) 6 1.98 (m，2 H), 
2.45 (t，J = 6.3 Hz, 2 H)，3.06-3.09 (dt, J = 1.5, 6.4 Hz, 2 H)，4.28 (t， 
J = 3 Hz，2H), 4.86-4.93 (ddt, J = 1.6, 1.6, 17.1 Hz，1 H)，4.95-5.00 
(ddt, J 二 1.4，1.4, 10.1 Hz, 1 H)，5.68-5.84 (ddt, J = 6.3, 10.3, 17.1 
Hz，1 H )，7.11-7.16 (m，2 H)，7.37^7.66 (m，3 H); 13c NMR (CDCI3， 
62.9 MHz) 6 18.04，20.75，31.48，67.62, 116.84，118.66，127.91， 
128.52，129.27, 133.11，134.58，140.40，144.38，153.60，181.90， 
186.24; IR(neat) 1609，1640，1644，1667 cm-1; mass spectrum, 
m/e (% relative intensity) 280 (M+，100)，252 (19)，224 (13)，181 
(11)，149 (90)，115 (21), 77 (10)，55 (23); calcd for C18H16O3 m/e 
280.1095, measured m/e 280.1082. Anal. Calcd for C18H16O3: C， 
77.14; H, 5.71. Found: C, 76.98; H, 5.72. 
P a l l a d i u m - C a t a l y z e d C r o s s - C o u p l i g R e a c t i o n s o f 
iodoquinone 35b or 35c and organostannanes: General 
procedure. Reaction of iodoquinone 35b and (phenylethynyl)-
tributyl tin was described as a typical example. To the solution 
of iodoquinone 35b (72 mg, 0.22 mmol) and (phenylethynyl)-
tr ibutylt in (0.12 g, 0.44 mmol) in 8 ml of THF was added 
tetrakis(triphenyl)phosphme palladium(O) (10 mg，5 mol %)• The 
mixture was degassed by the freeze-thaw-pump method for three 
cycles and then it was heated to 80 and allowed to stir under a 
N2 atmosphere for 30 hr. The dark mixture was filtered and the 
filtrate was concentrated under reduced pressure. The residue 
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was redissolved in CH2CI2 (20 ml) and to i t was added Pb02 (4 
equiv.). The mixture was stirred at room temperature for an hour 
and then it was filtered and concentrated again. The residue was 
f inal ly pur i f ied by flash-chromatography on sil ica gel wi th 
hexane/ethyl acetate (4:1) as the solvent mixture (Rf = 0.29) to 
give the quinone 38f (30 mg, 62 %) as yellow prism-like crystals 
(CHClS/hexane): mp 164-166。C; iR NMR (CDCI3，250 MHz) 5 2.29 
(s，3 H)，6.81 (s，1 H)，7.17-7.28 (m，5 H)，7.41-7.52 (m，5 H); 
IR(neat) 1631，1637，1641 cm"!; mass spectrum, m/e (% relative 
intensity) 298 (M+，100)，270 (31)，255 (30)，241 (25), 202 (50)， 
165 (10)，126 (12)，101 (10)，69 (15). Anal. Calcd for C21H14O2： C, 
84.56; H, 4.70. Found: C, 84.69; H, 4.72. 
Quinone 38g. A mixture of iodoquinone 35b (0.13 g，0.40 
mmol), 1-hexynyltributyl t in (0.30 g, 0 . 8 1 mmol) and Pd(Ph3P)4 
(5 mol %) was heated to 90 and was stirred under a N2 
atmosphere for 12 hr. Oxidation and purif ication by flash-
chromatography on silica gel with hexane/ethyl acetate ( 8 : 1 ) as 
the solvent mixture (Rf = 0.40) gave the quinone 38g (70 mg， 
64%) as yellownish-orange low melting solids: ^H NMR (CDCI3, 250 
MHz) 6 0.76 ( t , J = 7.2 Hz，3 H)，1.10-1.24 (m，2 H)，1.29-1.41 (m，2 
H), 2.30 (t，J = 6.8 Hz, 2 H), 6.62 (br. s, 1 H), 7.34 (br. s, 5 H); 
IR(neat) 1639，1650，1656，1663 c m ] ; mass spectrum, m/e (% 
relative intensity) 278 (M+，27)，250 (11)，235 (100)，207 (8)，193 
(18)，178 (18)，165 (14)，152 (10)，139 (19)，115 (5)，68 (16). 
Anal. Calcd for C19H18O2： C, 81.99; H, 6.52. Found: C, 81.80; H, 6.50. 
Quinone 38h. A mixture of iodoquinone 35b (70 mg, 0.22 
mmol), vinyltributyl tin (0.13 g, 0.41 mmol) and Pd(Ph3P)4 (5 mol 
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%) was heated to 80。〔 and was stirred under a N2 atmosphere for 
12 hr. Oxidation and purification by flash-chromatography on 
silica gel with hexane/ethyl acetate (10:1) as the solvent mixture 
(Rf = 0.29) gave the quinone 3 8 h (30 mg, 32 %) as yellownish-
orange solids: mp 63-65 OQ iR NMR (CDCI3，250 MHz) 5 2.06 (s，3 
H)，5.52 (dd, J = 2.1, 11.4 Hz，1 H )，6.07 (dd, J = 2.3, 18.0 Hz，1 H)， 
6.25 (dd, J = 11.5，18.0 Hz，1 H)，6.64 (br. s，1 H)，7.13-7.19 (m，2 
H); 7.32-7.43 (m，3 H); IR(neat) 1653 c u r l ; mass spectrum, m/e 
(% relative intensity) 224 (M+，100)，195 (38)，181 (47)，167 (14)， 
153 (16)，128 (24)，102 (14)，68 (27)，51 (13). Anal. Calcd for 
C15H12O2： C, 80.34; H，5.39. Found: C，79.91; H，5.35. 
Quinone 38i. A mixture of iodoquinone 35c (0.21 g, 0.54 mmol), 
phenylethynyltributyl t in (0.43 g, 1.10 mmol) and Pd(Ph3P)4 (5 
mol %) was heated to 80 °C and was stirred under a N2 
atmosphere for 17 hr. Oxidation and purif ication by flash-
chromatography on silica gel with hexane/ethyl acetate (10:1) as 
the solvent mixture (Rf = 0.：27) gave the quinone 38i (60 mg， 
30%) as red prism-like crystals (ethyl acetate/hexane): mp 191-
193 oc; IH NMR (CDCI3，250 MHz) 6 6.99 (s，1 H)，7.30-7.56 (m，15 
H); IR(neat) 1655 c m ] ; mass spectrum, m/e (% relative intensity) 
360 (M+，100), 331 (47)，303 (44)，255 (17)，230 (16)，202 (75)， 
178 (12)，150 (21)，126 (9)，102 (92), 76 (14)，51 (13); calcd for 
C26H16O2 m/e 360.1146，measured m/e 360.1123. Anal. Calcd for 
C26H16O2： C，86.44; H，4.44. Found: C, 85.57; H, 4.48. 
Quinone 38j. A mixture of iodoquinone 35c (0.12 g，0.31 mmol), 
1-hexynyltributyl t in (0.23 g, 0.62 mmol) and Pd(Ph3P)4 (5 mol 
%) was heated to 70 and was stirred under a N2 atmosphere for 
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16 hr. Oxidation and purification by flash-chromatography on 
silica gel with hexane/ethyl acetate (10:1) as the solvent mixture 
(Rf = 0.30) gave the quinone 3 8 j (20 mg, 19%) as yellownish-
orange liquid: iR NMR (CDCI3, 250 MHz) 6 0.82 (t, J = 7.3 Hz, 3 H)， 
1.16-1.24 (m, 2 H)，1.28-1.44 (m，2 H), 2.38 (t，J = 6.9 Hz，2 H), 
6.93 (s，1 H)，7.39-7.51 (m，10 H); IR(neat) 1658 cm-1; mass 
spectrum, m/e (% relative intensity) 340 (M+，46)，255 (24)，239 
(25)，228 (11)，149 (14)，139 (29)，102 (58)，77 (15)，57 (7). Anal. 
Calcd for C24H20O2： C, 84.68; H，5.92. Found: C, 84.67; H，5.93. 
Quinone 38k. A mixture of iodoquinone 35c (0.13 g, 0.34 
mmol), vinyltributyl tin (0.21 g, 0.66 mmol) and Pd(Ph3P)4 (5 mol 
%) was heated to 90。€ and was stirred under a N2 atmosphere for 
16 hr. Oxidation and purification by flash-chromatography on 
silica gel with hexane/ethyl acetate (10:1) as the solvent mixture 
(Rf = 0.41) gave the quinone 38k (20 mg, 21%) as deep red solids: 
mp 104-106 OC (ether/hexane); iR NMR (CDCI3，250 MHz) 6 5.58 
(dd, J = 2.3, 11.3 Hz，1 H )，6.17 (dd, J = 2.6, 18.0 Hz，1 H), 6.31 (dd, 
J = 11.4，17.6 Hz，1 H), 6.92 (s，1 H), 7.20-7.53 (m，10 H); IR(neat) 
1658，1610 c m ] ; mass spectrum, m/e (% relative intensity) 286 
(M+，100)，257 (37)，229 (20), 202 (5)，181 (8)，155 (15)，128 (31)， 
102 (67)，77 (10)，51 (11); calcd for C20H14O2 m/e 286.0990， 
measured m/e 286.0908. Anal. Calcd for C20H14O2： C，83.92; H， 
4.90. Found: C，83.50; H，5.31. 
Quinone 381. A mixture of iodoquinone 35c (80 mg，0.21 mmol)， 
phenyltributyl t in (0.15 g, 0.41 mmol) and Pd(Ph3P)4 (5 mol %) 
was heated to 80 °C and was stirred under a N2 atmosphere for 24 
hr. Oxidation and purification by flash-chromatography on silica 
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gel with hexane/ethyl acetate (10:1) as the solvent mixture (Rf = 
0.29) gave the quinone 3 8 1 (60 mg, 86%) as yellow solids. The 
spectroscopic data were identical to the one derived from cross-
coupling reaction between phenylboronic acid and iodoquinone 
35c described below. 
P a l l a d i u m - C a t a l y z e d C r o s s - C o u p l i g R e a c t i o n o f 
iodoquinone 35c and phenylboronic acid. To the solution of 
iodoquinone 35c (60 mg, 0.16 mmol) and phenylboronic acid (20 
mg, 0.17 mmol) in 5 ml of toluene was added tetrakis-
(triphenylphosphine) palladium(O) (9 mg，5 mol%) and potassium 
carbonate (25 mg，0.23mmol). The mixture was degassed by the 
freeze-thaw-pump method for three cycles and then i t was heated 
to 85 °C and was stirred under a N2 atmosphere for 12 hr. The 
orange mixture was concentrated and flash-chromatographed on 
silica gel with hexane/ethyl acetate (4:1) as the solvent mixture 
(Rf = 0.42) to give the quinone 381 (50 mg, 92%) as yellow solids 
(methanol/hexane): mp 160-162。C; ^H NMR (CDCI3，250 MHz) 6 
7.06-7.61 (m，16 H); IR(neat) 1646，1656 c n r l ; mass spectrum, 
m/e (% relative intensity) 336 (M+，100)，308 (16)，279 (6)，231 
(9)，178 (41)，102 (52). Anal. Calcd for C24H16O2： C, 85.71; H，4.76. 
Found: C，85.68; H, 4.52. 
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Part 2: Synthesis of A l ly l ic Silanes 
P r e p a r a t i o n o f F i s c h e r C a r b e n e C o m p l e x e s 。 
P h e n y l m e t h o x y m e t h y l e n e p e n t a c a r b o n y l ch rom ium(O) 
\9. To the Cr(C0)6 (2.2 g, 10 mmol) in 20 ml of THF was added 
PhLi (6.0 ml, 1.7 M, 10 mmol) dropwise at 0 ^C under N2 atm. 
After 2 hr，MeOTf (1.4 ml, 12 mmol) was added slowly at 0 
The reaction mixture was stirred for an additional 30 min. After 
quenching with a saturated sodium bicarbonate solution (20 ml)， 
i t was extracted wi th water and sodium chloride solution. The 
organic layer was dried wi th anhydrous magnesium sulfate. 
Concentrated crude product was purified by flash chromatography 
using hexane (Rf == 0.35) as eluent. An orange solids identified as 
complex 19 was obtained (1.5 g，48 %). ^H NMR (CDCI3，60 MHz) 6 
4.73 (s，3 H)，7.10-7.73 (m，5 H). 
Carbene complexes 20a and 20b. Alkenylmethoxy carbene 
complex 20a23 and 20b23b were prepared according to the 
general procedure described in part 1 of the Experimental Section. 
Spectral data for complex 20a can be referred to the complex 32c 
in part 1 of the Experimental Section. With the use of l-bromo-2-
methylpropene (0.52 ml, 5.0 mmol) and fol lowing the procedure 
described in part 1 of the Experimental Section, bright red low 
melting solids identified as complex 20b was obtained (0.73 g，50 
%). Rf = 0.47 (hexane); ^H NMR23b (CDCI3，250 MHz) 5 1.87 (s, 3 
H)，1.90 (s, 3 H), 4.73 (s, 3 H)，7.28 (s, 1 H). 
Carbene complex 20c.22 The detailed experimental procedure 
and spectral data can be referred to the complex 32a in part 1 of 
the Experimental Section and the reference cited therein. 
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Prepa ra t i on of a l k y n y l carbene complexes: Genera l 
procedure. The preparation of pentacarbony Imethoxy [(2-
phenyl)ethynyl]methylene chromiuni(0)59 21a was described as a 
typical example. Phenylacetylene (0.55 ml, 5.0 mmol) in THF (10 
ml) was cooled to 0 oc under the N2 atmosphere. n-Butyllithium 
(3.2 ml, 1.6M, 5.0 mmol) was added dropwise and the mixture 
was stirred for 1 hr at 0 oc. The mixture was transferred via a 
cannular to a suspension of chromium hexacarbonyl (1.1 g，5.0 
mmol) in THF (20 ml). The mixture was stirred at room 
temperature for 1 hr. Methyl trifluoromethanesulfonatc (1.3 ml， 
5.3 mmol ) was added into the reaction mixture at 0 oc. The 
mixture was stirred in an ice bath for 30 min and then it was 
quenched with a saturated sodium bicarbonate solution (20 ml). 
The organic layer was separated and the aqueous layer was 
extracted with ether. The combined organic layer was washed 
with water, brine and dried over anhydrous magnesium sulphate. 
Af ter removal of solvent, the crude product was flash-
chromatographed on silica-gel with hexane as eluent to afford the 
dark-purple solids (1.2 g, 70%). ^H NMR (CDCI3，60 MHz) 6 4.40 (s, 
3 H)，7.20-7.70 (m，5 H). 
With the use of trimethylsilylacetylene, and following the same 
procedure descr ibed above, pentacarbony Imethoxy [(2-
trimethylsilyl)ethynyl]methylene c h r o m i u m ( O ) 19,60 21b (1.9 g， 
62%) were obtained as dark red low melting solids. ^H NMR 
(CDCI3, 60 MHz) 6 4.40 (s，3 H), 7.20-7.70 (m，5 H). 
C a r b e n e c o m p l e x 20(1-58 To a s o l u t i o n o f 
pentacarbonylmethoxy-[(2-phenyl)ethynyl] methylene Cr(0) 21a 
(0.30 g, 0.89 mmol) in 5 ml of THF was added 0.32 g of MeOH (10 
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mmol) at room temperature under N2 atmosphere. The mixture 
was stirred for 24 hr at room temperature. The solvent and the 
excess of methanol were removed under reduced pressure and 
the residue was purified by flash chromatography with hexane as 
eluent to afford the carbene complex 20d (0.26 g，78%) as orange 
solids (cis-trans mixture). Rf = 0.12 (hexane); mp 63-65 ^C; ^H 
NMR (CDC13, 250 MHz) 6 (Z isomer) 3.69 (s，3 H)，4.64 (s, 3 H), 6.79 
(s, 1 H)，7.20-7.60 (m, 5 H); 5 {E isomer) 3.90 (s，3 H), 4.16 (s, 3 H)， 
6.97 (s，1 H), 720-7,60 (m，5 H); IR(neat) 2056，1914 cm-1; mass 
spectrum, m/e (% relative intensity) 368 (M+, 0.3), 340 (4)，312 
(8)，284 (8)，256 (17)，228 (79)，198 (18)，185 (26), 155 (32), 129 
(20)，102 (6)，77 (9)，52 (100). Anal. Calcd for Ci6Hi207Cr: C， 
52.17; H, 3.26. Found (mixture of isomer): C，52.26; H, 3.33. 
Carbene complexes 20e and 20f: General procedure. The 
preparation of alkenyl carbene complex 20e59 was described as a 
typical example. To the pentacarbonylmethoxy[(2-phenyl)-
ethynyl]methylene chromium(O) 21a (0.33 g, 0.98 mmol) was 
added freshly distilled cyclopentadiene (30 equiv.). The mixture 
was deoxygenated by the freeze-thaw method (3 cycles) and then 
was stirred at room temperature for 3 hr. Excess cyclopentadiene 
was removed under reduced pressure and the residue was flash-
chromatographed with hexane to afford the complex 206^9 (0.32 
g，81%) as red solids. Rf = 0.13 (hexane); ^H NMR (CDCI3, 250 
MHz) 6 2.08 (m，1 H), 2.42 (m, 1 H)，3.89 (m，1 H)，4.18 (m, 1 H)， 
4.31 (s，3 H), 7.17-7.33 (m, 7 H). With the use of 
pentacarbonylmethoxy[(2-trimethylsilyl)ethynyl]methylene Cr(0) 
21b and following the above procedure, carbene complex 
was obtained(0.48 g，80%) as dark red solids. Rf = 0.30 (hexane); 
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1h NMR (CDCI3, 250 MHz) 6 0.04 (s，9 H), 1.864.90 (m，1 H)，1.99-
2.09 (m，l H)，3.88 (br. s，1 H)，4.03 (br. s，1 H), 4.38 (br. s，1 H)， 
6.74-6.77 (m, 1 H), 6.90-7.00 (m，1 H). 
((x-Methoxybeiizyl)triethylsilane57a22: General p rocedure 
for solvent effect. Triethylsilane (45 mg，0.39 mmol) and 
(C0)5CrC(0Me)Ph 19 (0.10 g，0.32 mmol) were dissolved in 8 ml 
of a solvent (Table 3). The mixture was deoxygenated by the 
freeze-thaw method ( 3 cycles) and then it was heated to 6 0 and 
was stirred under a nitrogen atm. After the deep red reaction 
mixture had changed to brownish-yellow in color (3/4 hr-1.5 hr), 
the solvent was removed under reduced pressure and the residue 
was purified by flash-chromatography on silica-gel with hexane 
as the eluent to afford a colorless liquid. Rf = 0.24 (hexane); ^H 
NMR (CDCI3，250 MHz) 5 0.46 (q，J = 7.9 Hz，6 H), 0.83 (t, J = 7.9 
Hz，9 H), 3.19 (s, 3 H)，3.99 (s，1 H)，7.04-7.10 (m, 3 H)，7.16-7.24 
(m，2 H); 13c NMR (CDCI3, 62.9 MHz) 6 1.61, 7.26, 58.97，79.06, 
125.64，125.87，128.10, 141.75; mass spectrum, m/e (% relative 
intensity) 221 (46), 115 (46)，87 (100)，59 (53). The spectral data 
were consistent with the values published in the literature.57 
The procedure for the metal and catalyst effect were similar to 
the one described above and the spectroscopic data for the 
insertion product can be referred to the above one. 
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[2+1] C a r b e n o i d i nse r t i on reac t ion of a l keny lme thoxy 
carbene complexes and tr iorganosi lanes- Prepara t ion of 
a l l y l s i l a n e s . 
Allylsi lane 23. Triethylsilane (29 mg，0.25 mmol) and carbene 
complex 20a (65 mg, 0.19 mmol) were mixed in 8 ml of hexane. 
The deep red mixture was deoxygenated by the freeze-thaw-
pump method (3 cycles) and then i t was heated to 60 °C and was 
stirred under a nitrogen atmosphere. Af ter an hour, the 
brownish-yellow suspension was concentrated. Then i t was 
purified by f l a s h-chromatography on silica-gel with hexane as the 
eluent to afford the allylsilane 23 as a colorless l iquid (34 mg, 68 
%): Rf = 0.22 (hexane); ^H NMR (CDCI3，250 MHz) 6 0.57-0.67 (m，6 
H)，0.98 (t, J = 7.9 Hz, 9 H)，3.35 (s，3 H)，3.74 (d^  / 二 7.3 Hz, 1 H)， 
6.24 (dd, J = 7.3, 16.0 Hz，1 H), 6.43 (d, J 二 16.0 Hz, 1 H)，7.19-
7.38 (m，5 H); 13c NMR (CDCI3, 62.9 MHz) 6 2.02，7.39, 59.10， 
77.60，126.05，126.81, 127.43, 128.55, 130.28, 137.83; m(neat) 
2935, 2913, 2876，2813，1077，1018, 967，739, 721 cm-1; mass 
spectrum, m/e (% relative intensity) 262 (M+，1)，247 (88)，233 
(33)，161 (7)，147 (6)，131 (13)，115 (58)，87 (100). Anal. Calcd 
for Ci6H260Si: C，73.28; H，9.92. Found: C，73.35; H，10.18 . 
For the tungsten carbene complex, the time required was 8 days 
and the yield of the insertion product was 75 %. 
The following compounds were prepared in a similar manner: 
Allylsilane 24. A mixture of EtsSiH (70 mg，0.60 mmol) and 
carbene complex 20b (0.10 g，0.35 mmol) was stirred at 60。〔 
under a N2 atm. for 25 min. Purification by flash-chromatography 
on silica-gel with an eluent of hexane afforded the allylsilane 24 
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(43 mg, 57 %) as a colorless liquid. Rf = 0.27 (hexane); ^H NMR 
(CDC13, 250 MHz) 6 0.49-0.59 (m，6 H), 0.93 (t, J = 7.9 Hz, 9 H), 
1.61 (br.s，3 H)，1.73 (br. s, 3 H)，3.19 (s，3 H)，3.75 (d，J = 10.7 Hz， 
1 H)，5.15 (d, J = 10.7 Hz, 1 H); 13c NMR (CDCI3，62.9 MHz) 5 1.98， 
7.37, 18.22，25.92, 58.14, 72.63, 124.75，132.63; IR(neat) 2954， 
2934，2915，2877, 2809，1078，1012，732，719 cm-1; mass 
spectrum, mie (% relative intensity) 199 (51)，178 (14)，115 (61)， 
103 (10)，97 (16)，87 (100)，71 (34)，59 (52)，57(63)，43(61). 
Anal. Calcd for Ci2H260Si: C，67.29; H，12.15. Found: C，67.61 ； H， 
12.25 . 
Allylsi lane 25. A mixture of EtsSiH (44 mg，0.38 mmol) and 
carbene complex 20c (0.10 g, 0.32 mmol) was stirred at 60 
under a N2 atm. for 30 min and the mixture was purif ied by 
flash-chromatography on silica-gel with an eluent of a mixture of 
hexane/ethyl acetate (40:1) to afford the allylsilane 25 (36 mg，47 
%) as a colorless liquid. Rf = 0.24 (hexane/ethyl acetate = 40:1); 
1 h NMR (C6D6, 250 MHz) 5 0.94-1.07 (m，6 H)，1.33 (t, J = 7.7 Hz， 
9 H)，1.69-1.77 (m，2 H), 2.08-2.12 (m，2 H), 3.49 (s，3 H), 3.60 (s, 1 
H), 3.83-3.91 (m，1 H)，4.01-4.07 (m，1 H)，4.87 (t, J = 3.7 Hz, 1 H); 
13c NMR (C6D6, 62.9 MHz) 6 3.47, 8.42, 21.27，23.71, 59.05， 
66.53，77.35, 96.35，154.33; IR(neat) 2952, 2916，2876, 2849， 
2817，1463，1237，1095，1062，1018，1009，735 cm"!； mass 
spectrum, m/e (% relative intensity) 242 (M+，5)，227 (75)，189 
(5)，171 (17)，115 (38)，87 (100)，59 (65); calcd for Ci3H2602Si m/e 
242.1695，measured m/e 242.1811. calcd for Ci2H2302Si (M+-CH3) 
m/e 227.1461，measured m/e 227.1370. 
59 
Allylsi lane 26. A mixture of EtsSiH (50 mg, 0.45 mmol) and 
carbene complex 20d (0.11 g, 0.30 mmol) was stirred at 60 °C 
under a N2 atm. for 15 hr and the mixture was purified by flash-
chromatography on silica-gel wi th an eluent of hexane/ethyl 
acetate (40:1) to afford the allylsilane 26 (55 mg，63 %) as a 
colorless liquid. Rf = 0.34 (hexane/ethyl acetate = 40:1); ^H NMR 
(CDC13, 250 MHz) 6 0.56-0.66 (m，6 H), 0.95-1.01 (m，9 H)，3.31 (s， 
3 H)，3.49 (s，3 H), 4.20 (d，] = 10.7 Hz，1 H)，5.26 (d，J = 10.6 Hz，1 
H), 7.28-7.45 (m，5 H); 13c NMR (C6D6, 62.9 MHz) 6 3.28, 8.45, 
58.42, 59.42, 71.56，115.29，127.41, 128.85, 129.38; IR(neat) 
2985， 2952, 2914, 2876， 2800， 1460， 1449， 1094， 1076, 1062, 
1018，772, 761，733，719，698 c n r l ; mass spectrum, m/e (% 
relative intensity) 292 (M+，0.2), 111 (100)，177 (48)，151 (52), 
115 (24)，87 (55)，77 (10)，59 (31). Anal. Calcd for Ci8H2802Si: C, 
69.86; H，9.56. Found: C，70.04 ； H, 9.78 • 
Allylsi lane 27. A mixture of EtsSiH (50 mg，0.44 mmol) and 
carbene complex 20e (90 mg, 0.22 mmol) was stirred at 60 
under a N2 atm. for 20 hr and the mixture was purified by flash-
chromatography on silica-gel wi th an eluent of hexane/ethyl 
acetate (30:1) to give the allylsilane 27a, b (29 mg, 40 %) as a 
colorless liquid. Rf = 0,27 and 0.22 (hexane/ethyl acetate = 30:1). 
Spectral data for isomer 27a (Rf = 0.27): ^H NMR (CDCI3，250 
MHz) 6 0.36-0.58 (m，6 H)，0.79-0.86 (m, 9 H), 1.97-2.01 (m，1 H)， 
2.11-2.15 (m, 1 H), 3.29 (s, 3 H)，3.73-3.74 (m，2 H)，4.29 (s，1 H), 
6.78-6.82 (m, 1 H), 6.90-6.92 (m, 1 H)，7.15-7.33 (m，5 H); ^^C 
NMR (CDCI3，62.9 MHz) 6 2.81，7.37, 52.12，56.44，58.91，70.77, 
73.54，126.08，126.25，128.16，138.08，142.31, 142.82, 147.75, 
149.80. 
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Spectral data for isomer 27b (Rf = 0.22): ^H NMR (CDCI3, 250 
MHz) 6 0.61-0.73 (m, 6 H), 0.96-1.02 (m，9 H), 1.95-2.00 (m，1 H), 
2.09-2.12 (m，1 H)，2.86 (s, 3 H)，3.73-3.74 (m，2 H), 4.21 (s，1 H), 
6.85-6.89 (m, 1 H)，6.90-6.92 (m，1 H)，7.14-7.36 (m，5 H); 13c 
NMR (CDCI3，62.9 MHz) 6 2.92, 7.47, 54.07, 55.50，59.79，70.22， 
72.06，126.17，126.23，128.14，137.84，141.31，142.90, 148.34， 
150.75. IR(neat) (mixture of isomers) 2955，2933，2915，2876， 
2808，1493，1460，1444，1076，1013，801，763，753，738, 696，659 
cm- l ; mass spectrum (mixture of isomers), m/e (% relative 
intensity) 326 (M+，2)，311 (100)，245 (25)，211 (9)，179 (28)，145 
(19)，115 (53)，87 (95)，59 (55). Anal. Calcd for C2iH3oOSi: C, 
77.30; H，9.20. Found (from the mixture of isomers): C，77.23; H, 
9.26. 
Allylsilane 28. A mixture of EtsSiH (0.12 g，1.03 mmol) and 
carbene complex 20f (0.25 g, 0.63 mmol) was stirred at 60 
under a N2 atm for 7 hr and the mixture was purified by flash-
chromatography on silica-gel with an eluent of hexane to afford 
the allylsilane 28a，b (20 mg，10 %) and vinylsilane 28c (0.11 g， 
54 %) as colorless liquids. Rf = 0.25, 0.19 and 0.08 (hexane). 
Spectral data for diastereomer 28a (Rf = 0.25): I r NMR (CDCI3， 
250 MHz) 6 0.10 (s，9 H)，0.46-0.62 (m，6 H)，0.89-1.24 (m, 9 H)， 
1.81 (br. s，2 H)，3.19 (s，3 H)，3.63-3.68 (m，2 H)，4.00 (s, 1 H), 
6.61-6.64 (m，2 H); 13c NMR (CDClS, 62.9 MHz) 6 -0.70, 2.66, 7.51, 
54.35，54.72, 59.38，70.88，74.83，141.98，142.35, 144.20，168.08; 
IR(neat) 2954，2932，2913, 2876，2825，1247，1075，1018，874， 
836，734，690 cm"^; mass spectrum, m/e (% relative intensity) 322 
(M+，2)，307 (18)，241 (100)，189 (15)，161 (17)，141 (9)，115 (27), 
61 
87 (16)，73(17), 59 (13). Anal. Calcd for Ci8H340Si2： C, 67.08; H， 
10.56. Found: C, 66.77; H, 10.53. 
Spectral data for diastereomer 28b (Rf = 0.19): ^H NMR (CDCI3， 
250 MHz) 6 0.08 (s，9 H)，0.52-0.70 (m, 6 H), 0.92-1.00 (m，9 H)， 
1.75-1.84 (m，2 H), 2.99 (s，3 H)，3.60 (br. s，2 H)，3.98 (s，1 H)， 
6.59-6.62 (m，1 H)，6.68-6.72 (m, 1 H); l ^ c NMR (CDCI3, 62.9 MHz) 
6 -0.55，2.86, 7.56，52.61，55.17, 58.44，71.73，75.03, 141.64， 
143.01，144.92，166.68; IR(neat) 2955，2932, 2877，2809，1248， 
1075，1019，873, 737, 690 cm-1; mass spectrum, m/e {% relative 
intensity) 322 (M+，2)，307 (37)，241 (97)，161 (15)，115 (81)，87 
(93)，73(100)，59 (76). Anal. Calcd for Ci8H340Si2： C，67.08; H, 
10.56. Found: C，66.72; H，10.66. 
Spectral data for vinylsilane 28c (with exocyclic double bond) (Rf 
=0.08): 1h NMR (CDCI3, 250 MHz) 6 0.10 (s，9 H), 0.58-0.68 (m，6 
H)，0.84-0.97 (m，9 H)，1.22-1.33 (m, 2 H)，1.45 (d, J 二 2.7 Hz，1 H), 
3.02 (br. s, 1 H)，3.44 (s, 3 H), 3.81 (br. s，1 H)，5.94-5.98 (m，1 H), 
6.08-6.12 (m，1 H); 13c NMR (CDCI3, 62.9 MHz) 6 0.11, 3.91, 7.38, 
30.33，46.24, 46.45，46.60，60.49，135.94，151.48; IR(neat) 2955, 
2875，2820, 1074，837，732 cm-1; mass spectrum, m/e {% relative 
intensity) 322 (M+，9)，272 (8)，189 (75)，161 (38), 115 (50)，87 
(59)，73(81), 59 (53); calcd for Ci8H340Si2 m/e 322.2139, 
measured m/e 322.2387. Anal. Calcd for Ci8H340Si2： C，67.08; H， 
10.56. Found: C, 66.48; H, 10.63. 
Allylsi lane 29. A mixture of PhsSiH (0.20 g, 0.77 mmol) and 
carbene complex 20a (0.13 g，0.39 mmol) was stirred at 60 °C 
under a N2 atm. for 30 min and the mixture was purif ied by 
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flash-chromatography on silica-gel with an eluent of hexane/ethyl 
acetate (60:1) to give the allylsilane 29 (0.14 g, 87 %) as 
transparent prism-like crystals. Rf = 0.21 (hexane/ethyl acetate = 
60:1); mp 123-124 oC (CHCl3/hexane); ^H NMR (CDCI3, 250 MHz) 
5 3.46 (s，3 H), 4.46 (d, J = 6.3 Hz，1 H)，6.26 (dd, J = 6.4，16.0 Hz， 
1 H), 6.37 (d，J = 16.2 Hz, 1 H), 7.22-7.62 (m, 20 H); IR(neat) 3069， 
3060, 3025，2814，1494，1428，1111，1073, 969，910，730，700 
cm-1; mass spectrum, m/e (% relative intensity) 406 (M+，0.3)， 
391 (17)，259 (100), 181 (11)，105 (7). Anal. Calcd for C28H260Si: 
C, 82.76; H, 6.40. Found: C，82.70; H, 6.47. 
Allylsi lane 30. A mixture of PhsSiH (0.31 g，1.24 mmol) and 
carbene complex 20b (0.18 g，0.62 mmol) was stirred at 60 °C 
under a N2 atm. for 1 hr and the mixture was purified by flash-
chromatography on silica-gel with an eluent of hexane/ethyl 
acetate (70:1) to afford the allylsilane 30 (0.14 g，64 %) as white 
solids. Rf = 0.20 (hexane/ethyl acetate = 70:1); mp 50-52 OQ I r 
NMR (CDCI3, 250 MHz) 6 1.16 (s, 3 H), 1.60 (s, 3 H), 3.30 (s, 3 H)， 
4.42 (d, J = 10.7 Hz，1 H)，5.33 («dh, J = 1.4, 10.7 Hz, 1 H)，7.25-
7.60 (m，15 H); IR(neat) 3070，3050, 2975, 2917，2810，1428， 
1111，1073，735，699 c n r l ; mass spectrum, m/e (% relative 
intensity) 343 (31)，259 (100)，181 (17), 105 (8). Anal. Calcd for 
C24H260Si: C，80.45; H，7.26. Found: C，80.34; H, 7.30. 
Vinylsilane 31. A mixture of (EtO)3SiH (72 mg, 0.44 mmol) and 
carbene complex 20a (0.10 g, 0.30 mmol) was stirred at 6 0 � C 
under N2 atm. for 40 min and the mixture was purified by flash-
chromatography on silica-gel with an eluent of a mixture of 
hexane/ethyl acetate (30:1) to afford the vinylsilane 31 (40 mg, 
63 
44 %) as a colorless liquid. Rf 二 0.45 (hexane/ethyl acetate = 
30:1); 1H NMR (CDC13, 250 MHz) 6 1.23 (t，J 二 7.0 Hz, 9 H), 3.52 (d, 
J = 7.2 Hz，2 H), 3.73 (s，3 H)，3.85 (q，J = 7.0 Hz，6 H)，5.50 (t，J = 
7.2 Hz, 1 H)，7.16-7.29 (m，5 H); 13c NMR (CHCI3，62.9 MHz) 5 
18.07，31.08, 58.28, 58.50，58.72, 125.66, 126.55，128.28, 128.40, 
141.27，153.48; IR(neat) 2976，2928, 2890，2841，1495，1454， 
1391，1167，1130，1102，1080，963，783，748，726 cm-1; mass 
spectrum, m/e (% relative intensity) 310 (M+，2)，295 (35)，163 
(43)，115 (100)，79 (34)，63 (21). Anal. Calcd for Ci6H2604Si: C， 
61.94; H, 8.39. Found: C，61.96 ； H，8.42. 
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